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PREFACE TO FOURTH EDITION. 

Developments in the application of water to power, irrigation, and 
other engineering works during the last decade have been accompanied 
by such progress in the development of methods for collecting and 
using data concerning the flow of streams that the art of river-discharge 
measurement has attained a recognized position as a branch of hydraul- 
ics. The subject is now included in the regular courses of engineering 
schools and is admittedly essential to the work of the practicing 
engineer. 

The first edition of River Discharge correlated the methods of collect- 
ing, analyzing, and using stream-flow records as developed at that time; 
the second and third editions were revised and expanded to include 
progress in the art; this new edition has been further expanded to 
contain the latest information on the subject. 

The present revision has been practically limited to Chapter VI and 
the last part of Chapter V, which have been largely rewritten. 
Chapter VI, formerly entitled '* Conditions affecting stream flow," has 
been expanded in scope to cover the field of hydrology as related to 
stream flow and the title changed accordingly. 

The book has been prepared for the use of both student and engineer. 
Clearness and conciseness have been sought, and lengthy theoretical and 
mathematical discussions have been avoided. 

J. C. H. 
N. C. G. 

Washington, D. C, 

August, 1916. 
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PREFACE TO FIRST EDITION, 



With the rapid increase in the development of the water resources of 
the United States there has arisen among capitalists and engineers 
throughout the country a great demand for information in regard to the 
flow of streams. Although much has been written on the methods of 
measuring stream flow and the interpretation of the data, such infor- 
mation is widely scattered through periodicals and Government reports, 
many of which are out of print and therefore not easily accessible for use 
by either the student or the engineer. The short descriptions of stream 
gaging in text-books are indefinite in character, stating only general 
methods and giving but little information in regard to the details of 
field work or the conditions requisite for reliable records of river dis- 
charge. 

Experience with the graduates of many of the best engineering schools 
in the country indicates that these men have generally had but little 
instruction in hydraulic field work or methods, and are practically help- 
less in attempting to carry on even the simplest hydrologic investigation. 
Correspondence with engineers in all sections of the country shows that 
they are not getting the maximum benefit from the available stream- 
gaging data, apparently on account of lack of understanding of the 
records. 

In the preparation of this book there has been brought together from 
all available sources information in regard to the best practice in this 
work. Much new matter is also presented, especially the descriptions 
of the conditions necessary for good gaging stations at which measure- 
ments of discharge may be made either by weir, current meters, floats, 
or slope; the routine of the selection, establishment, and maintenance of 
gaging stations; the details of the field work of discharge measurements, 
and the oflice methods of computing the regimen of flow. 

The authors hope and believe that the information here presented will 
be valuable both to the student and the engineer. 

Acknowledgments are here made to the United States Geological 
Survey, the United States Weather Bureau, and the American Society 
of Civil Engineers, for use of cuts and other material; also to Messrs. 
J. C. Stevens, R. H. Bolster, G. M. Wood, F. W. Hanna, and E. C. Murphy 
for assistance and suggestions. 

John C. Hoyt. 
Nathan C. Grover. 

Washington, D. C, May, 1907. v 
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RIVER DISCHARGE, 



By John C. Hoyt and Nathan C. Groveb 



CHAPTER I. 

INTRODUCTION. 
HISTORICAL SKETCH. 

« 

Practical acquaintance with and useful application of the general 
laws of flowing water date from the first century. In A. D. 98 Rome 
was supplied with water by nine aqueducts having an aggregate length 
of 250 miles and discharging 27,000,000 cubic feet a day. Yet hydrau- 
lics was not regarded as a science until about the fourteenth century, 
and there was little advancement until the seventeenth century, when, 
owing to the influence of Galileo, more rapid progress was made. The 
principal investigations during the seventeenth and the first half of 
the eighteenth century were made by CasteUi (1628), Torricelli (1643), 
Guglielmini (1700), Pitot (1730), and Bernouilli (1738), and the work 
done was mainly theoretical. 

Active experimental hydraulic investigations were begun by Pro- 
fessor Michelotti in 1764, and from this time the modem school of 
hydraulics dates. Writings and investigations made prior to 1764 
are now of comparatively little importance to the practicing engineer. ^ 

In 1775 M. Chezy, the celebrated French engineer, developed the 
formula now known by his name, V = ci/i28, in which F=: velocity and 
c = a coefficient combining the effects of roughness of the bed and all 
other conditions affecting velocity except the slope (s) and hydraulic 
radius (fl), which equals the area of the cross-section of water divided 
by the wetted perimeter. This was 'the first algebraic expression of the 
law of moving water and has served as the basis of all subsequent slope 
formulas. 

*A detailed review of early hydraulic studies is given in " Physics and Hydraulics of the MissiS' 
eippi," by Humphreys and Abbot. 

1 



2 RIVER DISCHARGE. 

In the United States attention was first given to the flow of water 
in open channels between 1840 and 1850, in work on the Mississippi 
River and its tributaries. In 1860 Humphreys and Abbot started their 
extensive investigations on that river, and in about the same year 
Charles EUet used gage heights and a rating curve based on discharge 
measurements to determine the daily discharge of Ohio River at 
Wheeling.* In 1855 Francis published the results of his investigations 
made at Lowell, Mass., in which he developed his formula for flow over 
weirs. In 1870 Ellis, in his work on the Connecticut River, added 
much valuable data. It was not until 1888, when the United States 
Geological Survey began to collect data in regard to the water supply of 
the country at large, that the general applicability of hydraulic laws was 
investigated and methods were developed for determining the regimen 
or the distribution of flow. 

In starting the hydrographic work of the Survey, Major J. W. Powell, 
then Director, stated:^ 

It will be necessary to gage a certain number of representative streams at all 
seasons of the year, so as to ascertain their total discharge and its seasonal distri« 
bution, and also to gage a greater number of streams at certain seasons determined 
to be critical. 

Starting with this object, the Survey developed methods for uni- 
versal stream gaging and collected data in regard to the flow of streams 
in all sections of the United States, which are now extensively used by 
engineers in enterprises involving the use of water. In all this work 
the Survey has contended that, inasmuch as the flow of a stream is 
constantly changing, systematic records showing the distribution of flow 
over several consecutive years are more valuable for nearly all uses than 
many broken records covering short periods of time. 

SCOPE OF DISCUSSION. 

The hydraulic engineer is interested in water from the time it reaches 
the earth in the form of rain or snow until it returns again to the atmos- 
phere in the form of an invisible vapor. Of the water which falls upon 
the earth, a portion immediately returns to the atmosphere; a portion 
soaks into the earth, reappearing in vegetation or as surface water, or 
remaining below in small amount as permanent ground water; and 
another portion stays for a time on the surface of the earth, in streams, 
ponds, lakes, or oceans. A knowledge of the phenomena that pertain 
to these changes in conditions and of the physical and chemical prop- 

^ The Mississippi and Ohio rivers, Lippeiicott. Gmmbo & Co., 1853. 
^ Tenth Ann. Report, U. S. Geol. Survey, 1890, p. 8. 



INTRODUCTION. 3 

erties of the water itself constitutes the science of hydrology. Every 
feature of this great science is of direct value in the economic devel- 
opment of the country, but probably none is of greater imiwrtance 
than a knowledge of the dischai^e of surface streams and of the con- 
ditions that affect its magnitude and variations — knowledge that is 
prerequisite for preliminary as well as final plans for the construction 
and successful operation of works utilizing the water in surface streams. 
Among the hydrologic data necessary either for the design or operation 
of such works records of daily discharge are the most imiwrtant. Iso- 
lated observations of stage or discharge are of little value unless made 
at stages that are known to be extreme, and even then the record of the 
duration is equal in importance to that of the magnitude of the flow. 
This discussion of surface flow is arranged under the following heads : 

Instruments and equipment. 

Velocity-area stations. 

Weir stations. 

Discussion and use of data. 

Hydrology as related to stream flow. 

OUTLINE OF METHODS. 

The discharge of a stream is the quantity of water flowing past a 
given section in a unit of time and is expressed in various units, among 
which the second-foot is the most common. This term is an abbrevia- 
tion for cubic foot per second, which is equivalent to the quantity of 
water flowing in a stream 1 foot wide, 1 foot deep, at a velocity of 1 foot 
per second. The determination of the discharge is termed " discharge 
measurement.'* The discharge may be obtained as the product of two 
factors — (1) the area of cross-section, which depends on the shape and 
dimensions of the bed and banks and on the stage; (2) the velocity, 
which depends on the surface slope, the roughness of the bed and banks, 
'the hydraiilic radius, and the conditions along the channel of the stream. 
In general these factors are controlled by the stage. Therefore the dis- 
charge may be considered as a function of the stage. 

By means of this general law it is possible, from discharge measure- 
ments covering the range of stage, to construct a rating curve and table 
from which, the mean daily stage of the stream being known, the daily 
discharge can be taken. Points at which discharge measurements are 
made and records of the daily fluctuations of stage are kept for deter- 
mining the daily flow are termed '* gaging stations. '* These stations 
may be grouped in two classes, one comprising those where measure- 
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ments are made by the velocity -area method, which consists in measuring 
the velocity of the current and the area of the cross-section; the other 
comprising those where measurements are made by the weir method, in 
which the discharge is obtained by measuring the head on a weir and 
using a weir formula. 

The selection of a gaging station, the equipment, and the method to 
be used in determining the discharge depend on many factors and are 
accomplished in various ways. Among the principal factors are the use 
for which the records are to be collected, the funds available, the period 
of time over which the observations are to be extended, and the condi- 
tions of the stream to be measured, as explained in the following pages. 



CHAPTER 11. 

INSTRUMENTS AND EQUIPMENT.' 



The establishment and maintenance of gaging, stations for obtaining 
records of discharge of rivers and other hydrologic data require the use of 
certain instruments and equipment. These may consist of: 

1. Instrmnents for determining the velocity and other factors of the 
discharge measurement. 

2. Gages and bench marks. for determining stage relative to a fixed 
datum. 

3. Structures from which discharge measurements are made and the 
appurtenances thereto. 

4. Structures to produce artificial control and regulate the relation 
between stage and discharge. 

5. Instruments for determining climatological data. 

INSTRUMENTS FOR DETERMINING VELOCITY. 

Two principal types of instruments are used for measuring the velocity 
of flowing water-r-floats, which measure the velocity directly, arid cur- 
rent meters, by which the velocity is obtained indirectly from observa- 
tions of the number of revolutions of the wheel. Another instrument 
sometimes used for measuring velocity is the Pitot tube, but it is not 
practicable to use this tube for the work discussed in this book. 

FLOATS. 

Floats are utilized for the direct measurement of the velocity of streams. 
Those in common use are surface, subsurface, and tube or rod floats. 

Surf ace floats. — ^A corked bottle with a flag in the top and a weight 
in the bottom makes a very satisfactory surface float, as it is but little 
affected by the wind. In flood measurements good results can be 
obtained by observing the velocity of debris or of floating cakes of ice. 
In all surface-float measurements coeflicients must be used to reduce 
observed velocities to the mean velocity. 

Subsurface floats, — The subsurface float (Fig. 1) is designed to measure 
velocities below the surface and may be made to float at any deptli. By 

*See Water-Supply Paper No. 371, U. S. Geol. Survey. 
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arranging the submerged float at the depth of mean velocity it may be 
utilized in observing mean velocity directly. Allowance must be made, 
however, for the accelerating effect of the attached line and surface float. 

Tube or rod floais. — The tube or 
rod float is designed also to measure 
directly the mean velocity in a ver- 
tical. It is generally a cylinder of 
tin, about 2J inches in diameter, 
weighted at its lower end and 
plugged with wood or cork at its top. 
Small extra weight to make it float 
at the exact depth desired may 
readily be added by admitting water 
or by putting in shot. The tube 
should be graduated, and alternate 
feet painted black and red in order 
that the depth of flotation may be 
readily observed. 

A number of tubes of different 
lengths are necessary for measuring 
the velocity at different depths in an ordinary cross-section. A float of 
this type is consequently best adapted for use in artificial channels, in 
which the depth is nearly uniform, as natural channels are generally too 
rough and too variable to permit its satisfactory use. 

Although designed to measure directly the mean velocity in a vertical, 
the tube can not be made to float in contact with the bed of the stream, 
and consequently it does not receive the effect of the slowest moving 
water. The rougher the bed the greater the error in this respect. A 
factor less than unity is therefore necessary to reduce the observed 
velocity to the mean. 




Pig. 1.— Subsurface Float 



CURRENT METERS. 



A current meter for measuring the velocity of flowing water comprises 
two essential parts: (a) a wheel arranged so that when suspended in flow- 
ing water the pressure of the water against it causes it to revolve; (b) a 
device for recording or indicating the number of revolutions of this wheel. 
The relation between the velocity of the moving water and the revolu- 
tions of the wheel is determined by rating each meter. 

The earUest type of meter was the float wheel, which was used by Borda 

* Transactions American Society of Civil Engineers. Paper No. 1133, Vol. LXVI, page 70 (1910). 
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and Dupuit in the latter part of the eighteenth century, and was prac- 
ticable only for measuring velocities at the surface. About 1790, 
Woltmann modified this wheel so that it could be used beneath the sur- 
face, the number of revolutions being recorded hy a gear mechanism, 
which was started and stopped at the beginning and end of a run by a 
catch operated by a cord. It was necessary, however, to lift the meter 
out of the water in order to read it. LaPointe arranged the recording 
apparatus above the surface by connecting the axle with a vertical rod 
and beveled gear. Baumgarten, Saxton, Brewster, Laignel, and others 
made various modifications of the instrument. Prior to the invention of 
an electric device for recording or indicating the number of revolutions of 
the wheel, the meter was of limited use because of its lack of adapta- 
bility to varying conditions and because of difficulties with the operation 
of the recording mechanism. 

In America current meters were earhest used in connection with the 
investigations of the Mississippi, started in 1850 by Humphreys and 
Abbot,^ in which the ship's log and the Saxton meter were used to a small 
extent and with little success. 

About 1860, the late D. Farrand Henry, M. Am. Soc. C. E., Assistant, 
United States Lake Survey, invented for use with the current meter an 
electrical recorder,^ which eliminated the serious difficulties peculiar to 
the mechanical recorder, and made feasible the further development of 
the meter. 

The first extended and successful series of measurements with the 
current meter in the United States was made on Connecticut River by 
the late T. G. Ellis, M. Am. Soc. C. E., in connection with studies begun 
in 1871.° General Ellis started his work with the Woltmann meter, 
equipped with an electrical recording device, but later used an electrical 
recording meter devised by himself. The results obtained by these 
measurements have had an important effect on the development of 
stream-gaging instruments. 

The earliest American patents for current meters were taken out in 
1851. There are now on file in the Patent Office, classified under ship's 
logs, more than fifty patents for devices for measuring the velocity of 
water. Many unpatented devices haVe also been constructed. The 
only meters which have had much general use, however, are those devised 
by Price, Haskell, Fteley, and Ellis or modifications of these types (PL 
I,B,Nos.3-2-4and 1). 

Each of the various meters has first been developed to meet the require- 

* Report upon the Physics and Hydraulics of the Mississippi River, 1861. 

* Journal of the Franklin Institute, Vol. XCTI, 1871. 
•Report, Chief of Enjrineers, U. S. Army, 1878, Part I. 
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ments of some special condition, and, until recently, the use of all has 
been confined to special hydrologic investigations in connection with some 
public work, municipal. State, or Federal. The present widespread 
interest in the value and use of water has created such a demand for records 
of the discharge of streams that the current meter is now in general use, 
and has become an essential part of the equipment of every engineer 
engaged in hydraulic work. 

In 1888 the United States Geological Survey began the gaging of 
streams of all sizes and in all sections of the country. These streams pre- 
sented an infinite variety in combination of range in depth, width, and 
velocity. No adequate meter or methods had been developed for work of 
this varied nature. Fiurthermore, elaborate equipment and methods 
were out of question on account of the limited funds. It was necessary 
to devise or adapt a current meter which could be readily carried in the 
field and operated by one man, either from a bridge, boat, cable and car, 
or by wading. 

After experimenting with various types (PI. I, B) the engineers of 
the Survey developed a meter combining certain essential features of the 
Price acoustic and the large Price electric meter* (PI. I, A, Nos. 1 and 2.) 
This is known as the small Price meter, and has since been in general use 
in the Survey work. Modifications in its construction have been made 
from time to time until now it represents the ideas of many engineers, 
resulting from the experience of more than twenty years in stream gaging. 

The methods developed by the Survey engineers are also believed to 
represent the best practice in this line of work. The Survey's data are 
now used extensively in all hydraulic development in the United States. 
Its methods have been accepted as standard in this country and have 
been adopted in similar work by many engineers in all parts of the world. 

GENERAL FEATURES OF CURRENT METERS. 

Current meters may be divided into two general classes: direct action 
and dififerential action, the division depending on whether the water, in 
revolving the wheel, does or does not exert a force which tends to retard 
the motion of the wheel. 

The wheel of the direct-action meter consists of flat or warped-surface 
vanes set on a horizontal axis, which are caused to revolve by the direct 
pressure of the water against them. Each vane receives the water pres- 
sure in the same way as all of the others. The principal types of direct- 
action meters are the Haskell and Fteley (PL I, B, Nos. 2 and 4). 

The wheel of the differential meter consists of a vertical axis carrying a 
series of cups which are revolved by the water pressure on the concave 

* Manufactured and sold by W. <Sc L. E. Gurley, Troy, N. Y. 
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side of the cups and are retarded by the lesser pressure on the convex side. 
The principal types of diflferential meters are the Price and the Ellis 
(PI. I, B, Nos. 3 and 1). 

The essentials for a good current meter are : (a) simpUcity and lightness 
of construction, with no dehcate parts which easily get out of order ; (6) sim- 
plicity in operation, including its preparation for use under any conditions, 
and its dismantling, cleaning, and boxing after use; (c) a small area of 
resistance to the action of the water; (d) a simple and effective device for 
indicating the number of revolutions of the wheel; and (e) adaptability 
for use under all conditions. 

The small Price meter is the only one fully described herein. The dis- 
cussion on the care and use of current meters is, however, generally 
applicable to any type. 

DEBCRIFTIGN OF THE SMALL PRICE CURRENT METER AND EQUIPMENT. 

The small Price current meter and equipment consists of five principal 
parts: (1) the head; (2) the tail; (3) the hanger and weights; (4) the 
recording or indicating device ; and (5) the suspending device. In the fol- 
lowing descriptions the numbers in parentheses refer to figure 2. 

The Head. — ^The head consists of a 3-shaped yoke (1) carrying a wheel 
made of six conical cups (2) , brazed to a horizontal frame (3) . This wheel, 
referred to as the cups, turns in a counter clockwise direction on a vertical 
axis known as the cup shaft, which rests and revolves on a cone point 
bearing at the lower end and engages the recording mechanism at the 
upper end. 

The cup shaft consists of two parts (4, 5), screwed together from either 
side of the cup frame, thus fastening the cups rigidly to the cup shaft. 
At the lower part of the cup shaft there is a cone bearing which receives 
the cone point (6) on which the cups revolve. 

The cone point is screwed through a metal bushing (7) known as the 
cone plugy and is firmly held by a lock-nut (8). The cone plug fits into 
the lower arm of the yoke by a sliding connection, and is clamped in posi- 
tion by a set-screw. By means of a sleeve-nut (9) on the lower part of 
the shaft, the cups can be lifted from the cone point when the meter is not 
in use; This sleeve-nut has a left-handed thread, so that it will not 
tighten when the cups revolve. 

The upper part of the cup shaft is fitted with either a worm gear or an 
eccentric which passes into a cylindrical chamber (10), known as the con- 
tact chamber, as it contains the mechanism for making the contact which 
indicates the revolutions of the cups. The construction and arrange- 
ment of both the contact chamber and the mechanism contained in it 
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* 

depend on whether the mdicating device is penta-count electric, single- 
count electric or acoustic. 

When the penta-count electric indicating device is used, the contact 
chamber (10) which is closed by a screw cap (11) provided with a leather 
gasket for keeping out the water, fits by a sUding connection into the 
upper end of the yoke, and is clamped into position by a set-screw. In 
the contact chamber there is fitted a cylindrical plug (12) which is held 
in position by a screw and carries a gear-wheel (13) which engages the 
worm gear on the upper end of the cup shaft, the gearing being arranged 
so that the wheel makes one revolution for every twenty revolutions of 
the cups. On the side of the wheel there are four platinum pins, equally 
spaced and set so that they will strike the contact spring (14) at each fifth 
revolution of the cups, thus closing the electric circuit to the indicating 
device, as explained later. These contact parts are known as the contact 
wheel, the contact pins, and the contact spring. The contact spring is of 
platinum, and is carried by the contact plug (15) which is screwed into 
the contact chamber through a hard-rubber bushing (16), thus insulating 
the contact spring from the meter when it is not touching one of the pins 
on the contact wheel. In the end of the contact plug there is a hole and a 
set-screw for connecting with a wire from the indicating device. 

When the single-count electric indicating device is used, the contact 
chamber (10a) and appurtenances are the same as described for the 
penta-count contact chamber with the exception that the gear wheel (13) 
is omitted and the worm gear on the upper part of the shaft (4) is replaced 
by the eccentric (4a) which strikes tiie contact spring (14a) at each 
revolution, thus closing the electric circuit to the indicating device. The 
penta- and single-count contact chambers are interchangeable. 

When the acoustic indicating device is used, the contact chamber (10b) 
is closed with a cap (lib) fitted with a metal drum (49), and, in place of 
the platinum contact spring (14) and plug (16), there is a small hammer 
(50) which is caused by the pins on the side of the gear-wheel (13a) to 
strike the drum at each fifth revolution of the cups. In order to keep the 
water from deadening the sound by rising into the contact chamber 
(10b), it is raised about four inches above the yoke (la) by inserting 
the tube (59) and lengthening the upper part of the shaft (4a). 

When the electric indicating device is used, the yoke is equipped with 
a stem which contains a slot and a screw hole (22) for attaching the 
meter hanger (23), and a socket into which the tail of the meter (17) is 
fastened. When the acoustic indicating device is used, this stem is 
omitted and the meter is supported on a rod (51) attached to the con- 
tact chamber. 

The Tail. — ^The tail is used when the meter is suspended by a cable, or 
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on a sliding hanger rod. It provides for balancing the head, and also 
keeps the axis of the, meter parallel to the direction of the current. It 
consists of a stem (17) which fits by a sliding connection into a socket in 
the stem of the yoke where it is clamped by a set-screw. On this stem 
there are two vanes (18 and 19) set at right angles. One of the vanes is 
rigidly attached to the stem; the other fits into it by grooves, so that it 
can readily be pulled out when the key (20) which holds it in place is 
turned. On one of the vanes there is a slot carrying a weight (21) which 
can be so adjusted as to balance the meter. 

The Hanger and Weights. — ^When suspended by a cable, the meter is 
himg by a screw-bolt (22) on a steel stem (23) which passes through a 
slot in the stem of the yoke. The slot in the stem of the yoke is wide 
enough to allow the meter to swing freely in a vertical plane, and the bolt 
passes through the frame a little above the center of gravity of the meter, 
so that the latter will readily adjust itself to a horizontal position. In 
the upper end of the hanger there is a hole for attaching the suspending 
cable, and at intervals along the stem there are other holes by which the 
meter and lead weights may be hung. The weights (24) are of torpedo 
shape — this design offering the least resistance to the current — and are 
made in two sizes, weighing, respectively, 10 and 15 pounds. They are 
attached to the stem by a screw bolt. The manner of arrangement of 
the weights and meter on the stem depends on the conditions under which 
the measurements are to be made. 

When the meter is used on a rod, the hanger, weights, and usually the 
tail are dispensed with. 

The set-screws for clamping the various sliding connections are all of 
the same size and are of standard make. Beveled grooves are provided 
in each of these connections so that when the set-screws engage them the 
parts are drawn into place. 

All parts of the meter are standard, and can readily be replaced in the 
field. 

The Recording or Indicating Device. — ^A recording or indicating device 
is necessary for determining the number of revolutions of the meter wheel, 
and the successful use of the meter depends largely on this part of the 
apparatus. Various devices, operated either on the mechanical, electric, 
or acoustic principle, have been used for this purpose. These include the 
telegraph ticker, automatic recorder, electric buzzer, telephone receiver, 
drums, etc. Of these, however, the telephone attachment and the acous- 
tic indicator have been found to be most satisfactory in general practice. 

The telephone attachment consists of a telephone receiver (25) and 
small battery (26) placed in a partial circuit which terminates in a con- 
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necting plug (27) by means of which the apparatus can be readily con- 
nected in circuit with the meter. The magnets of the telephone receiver 
are woimd for 10-ohm resistance so as to secure a loud cUck. 

Either a dry-cell or a wet-cell battery may be used. The most satis- 
factory dry cell (26) which has been tested is the No. 409, "Ever 
Ready" cell, which is 1 inch in diameter and 3 inches long. This cell 
is equipped with two screw connecting posts (28), both at the same end. 

The wet cell in common use consists of an outer casing of hard rubber 
(29), about li inches square, containing a carbon compartment (30) into 
which a zinc pole (31) having a rubber stopper (32) is inserted. The cur- 
rent is generated by means of a solution of bisulphate of mercury and 
water. Contact is made with the cell through a platinum plug (33) 
extending into the carbon at the bottom and through the screw (34) in 
the zinc pole which extends through the rubber stopper. 

The cell is encased in a leather box (35), and connection is made with it 
through two screw connecting posts (36), each of which terminates in a 
separate spring plate (37) against which the poles of the battery bear. 

In use, the telephone receiver is pinned to the shoulder and the 
battery cell is placed in the side coat pocket. The connecting plug 
(27) will then hang a little below the shoulder and is easily accessible 
for attaching and detaching the meter. 

In the acoustic indicator, the striking of the hammer (50) on the drum 
(49) in the contact chamber (10b) indicates each fifth or tenth revolu- 
tion of the meter, as already explained. The sound is transmitted 
through the rods (51) and a rubber tube to the ear of the operator. The 
rubber tube and ear-piece are not necessary unless there is considerable 
noise. 

Automatic recorders have been used to some extent, but for general 
work have not been found to be satisfactory, because they are likely to 
get out of order. They frequently require an assistant to operate them 
and make the outfit more cumbersome. Fiulihermore, a sounding device 
which requires the operator to count the revolutions of the meter is 
always safer and more satisfactory than either a mechanical or electric 
self-counting device or recorder, because the operator will at once detect 
any irregularities caused by trouble with the meter, battery, electric cir- 
cuit, or other part of the equipment. A stop-watch is essential to the 
proper observation of time. 

The Suspending Device, — ^The suspending device, which consists of a 
rod or of some form of cable, must make provision for lowering the meter 
and weight into the water and also for completing an electric circuit 
between the contact chamber of the meter and the recording device. 
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The rod in common use in connection with the electric recorder con- 
sists of a J-inch tube (55) graduated to feet and tenths. For convenience 
in carrying, it is made in 1.0 or 1.5-foot sections fitted with screw threads. 

Two methods of hanging the meter on the rod are in use. By the first 
the head and tail of the meter are attached to a sliding hanger (54), which 
can be moved up and down the rod or clamped in any position. On the 
bottom of the rod there is a flat foot (53) which keeps it from sinking into 
the bed of the stream, and at the top there is a plug (56) for connecting 
one of the wires from the recording device. The circuit between the 
meter wheel and the recording device is made by attaching ofle of the 
wires from the recording device to the plug in the top of the rod. The 
other wire follows down the rod and is attached to the contact plug of the 
meter. In the second method the rod (58) is connected by the screw 
socket (57) in the yoke. 

The rods (51) for use with the acoustic indicator are of ^-inch tubing 
graduated to feet and tenths, and, for convenience in carrying, are made 
in 1 .0 or 1 .5-foot sections which screw together. The bottom rod connects 
with the contact chamber (49) by a screw, and is cut so that the distance 
frcm the center of the cups to the end of the rod is just 1.0 foot. On the 
upper end of the top rod there is a flat plate (52), in the center of which 
there is a hole through which the sound from the drum can be heard. 
The soundings are made with this end of the rod, and the plate keeps the 
end from sinking into the bed of the stream. 

The best form of cable in use is a combination of No. 16, "old code, 
double-insulated, show-window cord'' (38) and No. 12 or 14 galvanized 
wire (39) about which is wound a small insulated wire (40). The show- 
window cord is used for the upper part of the cable. It is large enough to 
be manipulated easily with bare hands, and, being made of two insulated 
wires, provides for making a circuit between the meter and the recording 
device. In its use, the two wires of which it is made must be separated at 
either end (41, 42, 43, 44) in order to make the attachment with the con- 
necting plug (27) of the indicating device at the upper end and with the 
galvanized wire (39) and small wire (40) which lead to the meter at the 
lower end. A ring or snap (45), into which the galvanized wire is looped, 
is fastened, either by a loop (46) or a knot (47) to the lower end of the 
show-window cord. 

In fastening the meter cable to the snap or ring with a knot (47), a strip 
of adhesive tape is wound around the cable two or three times, about 
1 foot from the end, leaving about 6 inches of the tape at the beginning 
and end of the winding. The cable is then inserted through the snap or 
ring so that the snap bears on the adhesive tape, and a knot is tied in the 
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cable about the snap (45) and drawn down as tight as possible. The ends 
of the adhesive tape (48) are then wound around the cable, one above and 
the other below the knot, to keep it from sliding. The outside covering 
of the end of the cable can then be taken oflf to within 3 or 4 inches of the 
knot, exposing the ends of the two insulated wires (41, 42) which may 
then be fastened to the wires (39, 40) leading to the contact plug and to 
the hanger. 

If the snap is held in a loop (46), a length of about 12 or 14 inches of the 
outside insulation is removed so that the wires can be doubled back and 
connected with those leading to the contact plug and hanger. The loop 
is first tied with string and then wound with adhesive tape, the tape being 
placed also around the cable where the ring bears on it. 

The galvanized and small wires (39 and 40), which make up the lower 
end of the cable, should be long enough to reach from the surface to the 
bottom at the deepest point in the stream. Their use is advantageous 
because they offer small resistance to the moving water and thus reduce 
the distance that the meter is carried down stream. 

The galvanized wire (39) provides both for carrying the weight of the 
meter and for one side of the circuit between the meter and the recording 
device. It is attached by ordinary loop connections to the snap in the 
lower end of the show-window cord and to the meter hanger (23). The 
circuit is made through it by the direct connection with the meter stem 
and by its connection at the upper end with one of the insulated wires (41) 
from the show-window cord. 

The small wire (40), which provides for the other side of the circuit 
between the meter and the recording device, should be wound loosely 
around the galvanized wire in order to prevent annoying motion and wear, 
and may, if the water is swift, be held more securely if fastened with tire 
tape. At the upper end it is connected with one of the insulated wires 
(42) from the show-window cord, and at the lower end with the contact 
plug (15) of the meter. In order to aid in preserving the insulation 
between the galvanized and small wires they may be shellacked. 

If the velocities or depths are not so great as to carry the meter down 
stream, the galvanized and small wires may be dispensed with. The 
snap (45) at the lower end of the show-window cord would then be 
attached directly to the meter stem and the circuit completed by attach- 
ing the insulated wires (41, 42) to the contact plug at one end and to the 
screw of the meter hanger at the other. 

The meter may also be suspended by a single iminsulated galvanized 
wire, the circuit being completed through the water and ground (Fig. 3). 
In using the single wire the connection is from the water to the meter 
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through the contact point to the line, then to the battery and through the 
telephone to the bridge or cable, then to the ground and back to the water. 

^ It makes no difference on which side of 
^j^i^ the battery the telephone is placed in 
^ the line. 

When using a single wire, a clean 
Thuoonnecti<mmiirt i mctallic coutact must be made be- 

be incoUted. Jl 

j^ tween it and the bridge or cable from 

^•^ which the observations are taken. A 

„ „ , ^"" Z^ ^ ^. .^ , «, , little paint, rust, or other coating will 

Pig. 3.— Arrangement of Circuit in Single ^ • i 

Wire Suspension. prevent eificient work. 

In measuring high velocities and 
deep streams, stay-lines or guy-lines are used in addition to the sus- 
pending cable to keep the meter in place. 

CARE OF THE CURRENT METER. 

The equipped current meter consists of: 

(a) Meter itself. 

(6) Telephone or other indicating device. 

(c) Battery. 

(d) Connecting wires. 

(e) Connecting plug. 

{/) Cable for supporting the meter. 

(gf) Insulated wires for completing the circuit. 

(A) Weights. 

(i) Hangers. 

(j) Hanger screws. 

(fc) Stop-watch. 

(Z) Rods for wading measurement. 

(m) Rods or lines for sounding. 

Aside from this equipment, the engineer, when on a field trip, should 
always be supplied with the following articles which are frequently neces- 
sary or desirable for making repairs to the station equipment and for the 
ordinary operation and care of the current meter. 

(a) Small screw-driver. 

(6) Parallel pliers with wire cutter. 

(c) Spanner wrench for dismantling meter. 

(d) Can of oil. 

(e) Roll of adhesive tire tape. 
(/) 25-foot metallic tape. 
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(g) 50-foot steel tape. 

(h) Extra cone point. 

(i) Extra set of screws. 

(j) Small hatchet. 

(k) Extra battery. 

(l) Insulated wire. 

(m) Assortment of nails. 

For carrying the meter and equipment two types of cases are in general 
use. One is a box Si by 6^ by 5 inches, arranged with a shoulder strap 
and just large enough to carry the meter and tail when taken apart, the 
weights, cable, and other equipment being carried in a separate case. 
The other is a box 17 by 12 by 6 inches, with a lower and upper compart- 
ment, the lower being designed to carry the weights, cable, and heavier 
tools, and the upper to carry the meter and more delicate parts of the 
equipment. A partition in the upper compartment provides a space into 
which the head is fitted and carefully packed so as to avoid injury. This 
case is shaped like a small suitcase and arranged with a carrying strap. 

When an additional case is needed for the equipment, the canvas hand- 
bag, used by masons for carrying tools, is most convenient. 

In taking the meter apart, remove the tail vanes and the hanger stem; 
then loosen the set-screw to the contact chamber, and pull the chamber 
out by a slight twisting motion. Care must be taken to let the cups be 
free to turn, so that the worm gear on the upper end of the shaft can dis- 
engage from the teeth of the contact wheel. In handling the contact 
chamber, it is well to take off the cap, so that the gear-wheel can be seen 
during the operation. The cone point can then be taken out and the cups 
released by loosening the upper part of the shaft with a spanner wrench. 
This wrench is so arranged that it can be used for loosening all parts of 
the meter. 

In putting the meter together, first attach the cups to the cup shaft. 
In doing this, the upper part of the shaft should be inserted through the 
upper hole of the yoke before it is screwed to the lower part. Care must 
be taken to place the cups so that they will move counter-clockwise. 
After the cups have been fastened to the shaft, insert the cone point and 
clamp it in place, and then insert the contact chamber. In replacing the 
contact chamber, the cups should be left free to move on the cone point 
and care should be taken not to allow the cogs on the worm gear to catch 
on the teeth of the contact wheel. Before inserting the cone plug, the 
cone point should be adjusted and firmly secured with a lock-nut. The 
adjustment should allow a slight vertical motion of the cups. 

Although the current meter is substantially made and will stand con- 
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siderable hard usage, it needs special attention and care to insure its 
proper working. In this connection the following instructions should be 
carefully observed : 

1. Be sure that the set-screws are all tightened before putting the meter 
in the water; otherwise one of the parts may be lost. 

2. Loosen the sleeve-nut and see that the meter runs freely before 
beginning a measurement; and spin the meter cups occasionally during 
a measurement to see that they are running freely, that is, that they will 
continue to move for a considerable time at a slow velocity. 

3. See that the weights play freely on the stem, so as to take the direc- 
tion of the current and thus avoid an unnecessary drag on the line, 

4. If any apparent inconsistency in the results of an observation 
throws doubt on its accuracy, investigate the cause at once. Grass 
may be wound around the cup shaft; the cups may be tilted by tension 
on the contact-wire; the channel may be obstructed immediately above 
the meter; the meter may be in a hole; or the cups may be bent so as 
to come in contact with the yoke. 

5. After a measurement, clean and oil the bearings (in order to pre- 
vent rust) and inspect the cone point. 

6. In packing the meter, turn the sleeve-nut to lift the cups from the 
cone point. 

7. Always see that the lock-nut on the cone point is screwed firmly 
against the cone plug. 

8. If the cone point is dulled, it can be sharpened with an oilstone. 

9. In measuring low velocities, be sure that the meter is in a horizontal 
position. If it has a tendency to tip, the balance weight on the tail 
should be adjusted or the meter be held rigidly by inserting a plug in the 
slot against the stem. 

10. Avoid taking measurements in velocities of less than 0.5 foot per 
second, because the accuracy of the meter diminishes as zero velocity 
is approached. 

11. For velocities of less than 1 foot per second the bearing point 
should be the same as at the time of rating. As the velocity increases, 
the condition of the point is less important, because the friction factor 
decreases. 

12. In taking measiu*ements at high velocities, sufficient weight, and a 
stay-line, should be used to hold the meter in the vertical. 

13. In very shallow streams the meter should be suspended from the 
lower hole on the stem, and the weight should be placed above. 

14. If the cups of a small Price meter are bent, they may be easily put 
in shape by pressing them with a piece of wood or metal with a round, 
smooth end. 
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15. The telephone receiver is very sensitive to electric currents, and 
can be used to locate any break in the circuit. First try the telephone 
and battery together (Fig. 4) in a circuit having a make-and-break point, 
as at a. This may be done by using a knife blade or a screw-driver, mak- 
ing connection where the wires enter the plug. If there is no click in the 
telephone, then the battery or the telephone does not make a circuit. If 
there is a click, insert the meter in the line and test for a contact in the 
meter head (Fig. 6) by revolving the meter wheel. If the meter is all 
right, put the meter cord in the circuit and test both sides by making 
double connection and touching alternate sides of the line, a (Fig. 6). 

16. When the meter is not in use, disconnect the meter line from the 
battery, so that it will not become exhausted. 

17. When a wet cell is used, the solution may be left in it for a time, if 
the zinc pole and stopper are replaced by a cork. 

18. Never let the bisulphate dry, however, in the cell, as it forms a hard 
cake and polarizes the battery. 

19. Do not let any bisulphate of mercury remain loose in the meter 
box ; if it gets into the meter bear* 







a 



D 



Fig. 4. 




ings it will corrode them. 

20. The zinc pole in the bisul- 
phate cell sometimes gets pushed 
down so that it touches the bot- 
tom of the cell, in which case the 
cell is short-circuited and becomes 
useless. To test this, lift the 
plug a little way out of the bat- 
tery and see if there is a flow of 
current. 

21. Keep the points clean 
where the battery makes contact 
with the metal plates. 

22. The amoimt of current 
necessary to work a telephone 
receiver is very small, and a ba1>- 
tery may be serviceable even 
though nearly exhausted. 

23. If care is taken, it is very 
improbable that the telephone re- 
ceiver will get out of order. 

24. Do not strike the tele- Testing Meter circuit. 

phone receiver, as a heavy jar will to a greater or less extent damagnetize 
the pole pieces, and to that extent will injure the receiver. 
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25. Care must be taken not to short-circuit the dry battery when the 
meter is not in use, as in that way the cell becomes exhausted in a short 
time, the energy being used in heating the cell. To avoid this, the poles 
may be woimd with adhesive tape. 

26. If a dry cell which has been long in stock fails to work well, punch 
two nail holes in the wax on top of the cell and put it in water over night, 
when it may absorb enough moisture to renew it. The holes should then 
be coated over by heating the wax with a match and pressing it into place, 
or by pouring in melted paraffin. A cell which has been exhausted by use 
is not benefited much by this treatment. The hfe of a cell depends 
largely on the amount of leakage in the line during use. 

BATING THE CUBBENT MBTEB. 

The relation between the revolutions of the meter wheel and the 
velocity of the water must be determined by rating each meter before it 
is used. Theoretically, the rating for all meters of the same make should 
be the same, but, as a result of slight variations in construction, and in the 
bearing of the wheel on the axis at different velocities, the ratings differ. 



Observations for rating meter No. S15, made February 19 y 19 IS, at Chevy Chase 
Lake, Maryland, by W. McC. and M. I. W. Method of suspension, Cable ; 
meter last rated at Chevy Chase Lake, May IS, 1909 ; present condition good, in 
repair. 
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45.8 


30 


20 
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10 


117.9 


27.5 


90.4 


23 


40 


1.74 


3.93 


11 


21.6 


113.0 


91.4 


25 


40 


1.60 


3.66 


12 


119.1 


29.1 


90.0 


27 


40 


1.48 


3.33 


13 


22.5 


113.5 


91.0 


17.4 


40 


2.30 


5.23 


14 


119.2 


28.7 


90.5 


17.0 


40 


2.35 


5.32 


15 


23.7 


114.7 


91.0 


14.6 


40 


2.74 


6.23 


16 


125.3 


35.0 


90.3 


15.0 


40 


2.67 


6.02 



Note.— The runs are in pairs, the odd numbers being across the track and the even numbers 
In the return to the starting point. 
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A meter is rated by conducting it through still water with uniform 
speed (PL II, A) and noting the time, the number of revolutions, and the 
distance. The revolutions per second and the velocity in feet per second 
are afterward computed from these data. Many runs are made, as 
shown in the preceding table, the speeds varying from the least which will 
cause the wheel to revolve to several feet per second. The results of 
these runs, when plotted (Fig. 7) with revolutions per second and velocity 
in feet per second as co-ordinates, locate the points which define the meter 
rating curve, in general a straight line from which the rating table is 
prepared. 

In making the run for the rating the time and distance corresponding 
to a given number of complete revolutions are recorded automatically by 
electric devices which are operated by the closing of the circuit in the 
contact head of the meter. 

Theoretically, the wheel of a differential-action meter, when carried 
through still water, should revolve as a wheel revolves in passing over 
the ground. That is, in going a given distance it should make practi- 
cally the same number of revolutions, regardless of speed. The rating 
of a great many small Price electric meters shows this number to be from 
42 to 44 revolutions in going 100 ft. 

Standard cm'rent meter rating tables are usually furnished by the 
makers of meters and when the meters are used under the same condi- 
tions under which ratings were made, the tables will usually give results 
within 1 or 2 per cent of the individual rating table for the meter in ques- 
tion. Special ratings for individual meters can be obtained, for a nom- 
inal fee, from the United States Bureau of Standards, which maintains a 
fully equipped rating station at Washington, D. C. 

The relative ratings of various types of current meters are shown in 
Fig. 8. 

SOUNDING APPLIANCES. 

The most common soimding apphances in general use are rods and 
weight and line. 

Rods are limited in use to depths of less than 15 feet. If over 5 feet 
long, they should be round in order to be easily handled and may be made 
either of gas-pipe or of wood. Rods under 5 feet in length should be 
made of flat strips of wood 3 inches by J inch with one face cut to a knife 
edge, against which the water will not rise in swift velocities. The grad- 
uations should be as close as the desired accuracy of soundings and so 
marked as to be easily read. In order to avoid sinking into the bed of 
the stream, the bottom of the rod should be protected by a shoe 3 inches 
or more in diameter. 
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Weights and lines of many forms are in use and are manipulated either 
directly by hand or by means of a sounding-reel in case of very deep 
soundings. The line should be of some material which does not shrink or 
stretch on wetting. For reels piano or sash-weight wire is generally used. 
The best form of hand Une for use at bridges is a combination of the show- 
window cord used for supporting the meter, which can be easily grasped 
with the hands, for the upper part, and No. 12 or 14 galvanized wire, 
which offers but little resistance to the current, for the lower part. 
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Fig. 8. 
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Typical Current Meter Ratinff Curves. 
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The shape of the weight should be such as to offer small resistance to 
the water, and the amount of weight required will depend on the depth 
and velocity of the current. 

The line with meter and weight attached frequently is used in making 

soundings. 

GAGES. 

The gage is the instrument, graduated scale or other device, whereby 
the stage and changes in stage are observed or recorded. This fluctua- 
tion is measured with reference to a fixed datum which must be referred 
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to one or more permanent bench marks, and to which the position of the 
gage must maintain a constant relation. The accuracy of all records of 
discharge is absolutely dependent on the maintenance of this relation. 

In connection with all gage height records, special care should be taken 
to keep a full history of each and every condition which may affect the 
gage records or their interpretation. These should include full notes of 
all matters which pertain to the gage and its installation, such as repairs 
and changes in datum or location, and also a history of all conditions 
which may affect the gage readings, such as changes m the channel or the 
construction of dams or other works in the vicinity. 

The value of most series of gage height records increases with their 
length, and many long-time records have been rendered practically value- 
less on account of insuflBcient data to make possible their proper inter- 
pretation. 

The many styles of gages in use all belong to two classes, non-recording 
and recording. 

NON-RECORDING GAGES. 

The various forms of non-recording gages may be grouped into (1) 
direct gages, consisting of fixed, graduated staffs or scale boards on which 
the water rises and the stage is observed directly, and (2) indirect gages, 
consisting of graduated scale boards located above the water surface, to 
which the index of the stage of the water is transferred by means of a 
movable chain or rod of known length operated either automatically by 
means of a float and counterweight or by the observer whenever a record 
is desired. 

DIRECT OAOES. 

Direct gages consist of fixed staffs which may be either vertical or 
inclined. If a gage of this type can be established and properly main- 
tained, it is doubtless the most satisfactory non-recording gage that can 
be used. The requirements for a satisfactory gage of this class are (1) 
that the graduations be both clear and permanent; (2) that the gage be 
easily accessible to read; and (3) that it be stable. It has the advantage 
of certainty in datum so long as the gage is undisturbed, small first cost, 
and simplicity in reading, but the disadvantage of being liable to dis- 
turbance or destruction by frost action or by floating ice, logs, or drift. 

Vertical staff gages, — ^The vertical staff is better than the inclined, when 
there is available, either in or over the water, an artificial or natural 
object having a vertical face to which the gage may be attached. Such 
object may be a bridge abutment or pier, a wharf, a tree, or a rock. 

The best form of vertical ga^e consists of a base of rough 2-inch by 4- 
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inch or 2-inch by 6-inch plank, to which a lighter plank having the gradu- 
ated face may be easily fitted and nailed, with the aero at the desired 
elevation. The graduated plank will be found satisfactory if made in 
about 5-foot sections of |-inch by 5-inch pine, painted white, with gradu- 
ations cut as V-shaped notches painted black. This facing and gradua- 
tion is cheaply made, the graduations are reasonably permanent, the 
sections are convenient to carry and are easily installed. 

Inclined staff gages, — The inclined staff is useful where there is no 
existing object to which a vertical staff may be attached. It should be 
made of 4-inch by 4-inch timber, or larger, supported at short intervals 
on posts or concrete piers fiirmly set in the groimd, and should be gradu- 
ated by level after being placed in position so as to give the readings 
directly. Such gages are especially liable to change of datum and should 
be frequently checked in elevation at several points. Plate V, A, shows 
a hook gage in the well and an inclined gage on the bank. 

INDIRECT GAOES. 

« 

Indirect gages in common use are of three types, the hook, the weight, 
and the float. The essential requirements for gages of this type are : (1) 
a constant length of the intermediate part used for transferring the index 
of stage to the scale board, and (2) a permanent scale board so graduated 
and placed that it may be easily and accurately read. They are adapted 
for use where a fixed staff gage would be in danger of distiu-bance or can 
not be easily read. 

Hook gages. — ^The hook gage invented by Boyden about 1840 is the 
most precise instrmnent known for the measurement of stage and will be 
found of value wherever determinations of stage to a hundredth of a foot 
or closer are desirable. By careful adjustment such a gage can be made 
to read to a thousandth of a foot. The value of such accuracy of reading 
is, however, dependent upon the same accuracy in the determination of 
the other factors affecting discharge. This gage consists of a vertical 
inversely graduated rod, carrying a hook at the bottom. The rod slides 
in fixed supports provided with a vernier for reading. The hook is sub- 
merged and by means of a tangent screw is gradually raised until the 
point just breaks the surface of the water so as to show the pimple 
resulting from capillary action. 

A simple form of hook gage (Fig. 9) can be arranged by using a mov- 
able staff inversely graduated to feet only, with a hook on the bottom, 
sliding against a fixed scale 1 foot in length carefully graduated to frac- 
tions of a foot. In reading the stage the feet are indicated by the foot- 
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mark on the staff which is opposite the fixed foot scale from which the 
tenths and hundredths are read. 

Hook gages arranged with verniers are applicable for use only in con- 
nection with experimental hydraulic work or 
with carefully adj usted sharp-crested weirs. The 
simple type of hook gage has a wider range of use 
and will be found advantageous in conjunction 
with automatic gages, in canals, and other chan- 
nels connected with diversion works and, during 
low water periods, at many gaging stations where 
small changes in stage correspond to large per- 
centage changes in discharge. 

Weight gages. — ^The simplest form of the weight 
gage consists of a graduated rod or tape, which 
the observer uses to measure vertically down to 
the surface of the water from a reference mark on 
a bridge, vertical ledge, or overhanging tree. The 
record of stage obtained by this means must be 
adjusted to read directly from the datum. 

The weight gage used by the United States 
Geological Survey (Fig. 10) is believed to be the 
most practical gage of this class. It consists of 
a graduated scale board, 10 feet or more in length, 
usually either extending from or contained in a 
box supporting a pulley wheel, over which runs a 
heavy sash chain, to which is attached at one end 
a weight and, near the other end, a marker. This, 
as a whole, is fastened in a horizontal position to 
a bridge or other structure, so that the weight 
when lowered will come in contact with moving 
water, as the exact point of contact of the weight 
and water can not easily be determined by the observer above if the 
water is still. 

Generally the scale board is graduated only for a length of 10 feet. If 
the range of stage is greater than that amount, provision must be made 
for measuring it. This is accomplished by a second and, in extreme cases, 
a third marker, spaced at intervals of 10 feet from the first marker. 

The most satisfactory chain so far used for this form of gage is 
*' Morton's champion metal window sash chain, No. 1 regular. " Of the 
substitutes which have been used the best is probably some form of steel 
or bronze tape, which will change little if any in length but which has 
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Tig. 1.— Simple form of 
hook g&ge. 
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been found to be liable to break, expeneive to mend, and if exposed to the 
wind to offer considerable resistance, making it difficult to take accurate 
observations. Woven wire sash cord and various forms of wire are not 
BO satisfactory as they are liable both to kink and to stretch and are not 
easily adjusted in length. 

To read the chfun gage the observer releases the chain and allows the 



id Statet Oeolostcal Survey vefght at 



weight to lower until it just touches the surface of the water, in which 
position the stage is read on the graduated scale opposite the marker. 

This gage has the advantage of stability in position, as it is above all 
dai^er from ice and drift. It has the disadvantage of possible uncer- 
tainties in the datum, on account of change in length of chain, due to wear- 
ing caused by the moving of many parts upon one another, and by 
changes in elevation of the structure to which it is attached. To avoid 
error the chain length, that is, the length from the end of the weight to 
the marker, must be frequently measured and adjusted to the standard 
length. This adjustment is made either by cutting out a link or by the 
adjustii^ device with which the chain is attached to the weight. 
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Float gages. — A non-recording float gage consists of a float arranged to 
rise and fall with the stage. The float carries either a staff or a chain 
passing over a pulley and kept taut by a counterweight. A marker 
attached to the staff or chain at a fixed distance from the float moves 
along a fixed graduated scale board and thus indicates the stage reading. 
If a staff is used on the float it may be graduated inversely and the stage 
observed opposite a fixed marker, or it may be arranged to read as 
explained for the simple form of hook gage. 

This type of gage is best adapted for use in pump houses and per- 
manent buildings erected over the water surface as, under these condi- 
tions, the float and all parts of the gage will be fully protected. When 
the float carries a chain, the same requirements should be observed as 
described for the chain on the weight gage. 

ESTABLISHMENT AND MAINTENANCE OF NON-RECORDING GAGES. 

In addition to the points already discussed relative to the estabUsh- 
ment and maintenance of the various types of non-recording gages, the 
following conditions are generally applicable. In this connection too 
great emphasis can not be placed on the importance of conditions affect- 
ing the gage and its reading as the acciu-acy of all discharge records 
depends largely upon them. 

Installation of gage. — ^The gage should be so located that it may be 
easily read and be without the influence of disturbing effects, such as 
boils, backwater, and crosscurrents. It should be graduated to read 
directly the elevation above the datum or zero which should be placed 
well below the lowest water in order to avoid negative stage readings. In 
order to accompUsh this it is generally advisable to put the zero at the 
approximate elevation of the bed of the river at the lowest point in the 
section. 

The construction and installation should be accomplished in a thor- 
ough and workmanlike manner, thus assuring the permanence of the 
gage and the accuracy of the results obtained by it. The scale board 
should be clearly graduated in accordance with the degree of accuracy 
expected in the observations, and each foot and tenth mark should be 
numbered, thereby eliminating many errors in readings. The reading of 
the gage should receive special consideration. 

Checking gage datum. — The permanent maintenance of the datum of 
every gage is absolutely necessary. To accomplish this it must be referred 
to at least two permanent bench-marks from which it can be readily 
checked by means of a level. 
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It will be convenient if one of the bench-marks is fixed on an easily 
accessible part of the bridge or on an overhanging tree or rock from which 
the stage of the river may be directly determined by measurements made 
from it to the surface of the water by a staff or steel tape. Such a mark, 
generally known as the reference point, should be as permanent as pos- 
sible and not generally any part of the gage or gage box. The other 
bench-marks should be placed on objects apart from the structure to 
which the gage is attached, out of reach of possible damage or interference 
and so located, if possible, that the gage can be checked with one set up 
of a level. 

The elevation of the bench-marks should always be determined and 
expressed above the datum of the gage without reference to an inter- 
mediate datum. 

In order that the gage heights may be readily used in flood studies and 
in determining slopes along the river, the datum of the gage should be, 
whenever possible, connected with sea level or with any city or railroad 
datum available. 

In making the original reference and in future comparisons of the gage 
with its bench-marks, the level, if practicable to do so, should first be so 
set as to obtain directly the height of the instrument above the datum 
of the gage. In the case of a staff this can be accomplished by reading 
directly from the gage, or by setting the bottom of the level rod at some 
definite point on the gage. For the standard weight gage the instrument 
should be set below the elevation of the pulley and the gage weight low- 
ered until its bottom is on a level with the horizontal cross-hair. The 
reading of the gage in this position gives directly the height of instrument. 

The height of instrument should not be measured from a water surface, 
because the elevation of the surface of the river may vary materially 
within its width or within short distances up and down the stream. 

In connection with the checking of indirect gages the first operation 
is to check and adjust, if necessary, the length of the intermediate part 
for transferring the index of the gage to the scale board. This having 
been accomplished, the datum of the gage should be compared with the 
bench-marks by means of a level. 

If the standard chain is used, the length of the chain from the end of the 
weight to the marker should be measured carefully under about a 12- 
pound pull. In order that this measurement may be made easily the 
marker should be placed a few feet from the end of the chain. Nails 
properly spaced in the floor of the bridge will f aciUtate this measurement 
and will be serviceable in future checkings of the chain length, which 
should be made at each subsequent visit of the engineer to the station. 
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The engineer should paint or mark plainly on the inside of the cover of the 
gage box the length of the chain and the elevation of the reference point 
from which stage can be determined. 

STILLING BOX. 

A stilling box for eliminating wave action is desirable, and ofttimes 
necessary, in connection with all types of gages, especially where precise 
records of stage are desired, as, for example, in canals, at weirs, and at 
current meter stations during low water periods. 

In general such a stilling box may consist of a wooden box or a metal 
pipe erected in the stream aroimd the gage and extending to the bed of 
the stream, into which the water is admitted through small holes, or a 
well connected with the stream by a pipe as described for recording gages. 
The level of the water in the stream and in the stilling box must be fre- 
quently compared in order to eliminate errors due to the clogging of the 
openings to the box. 

For use on staff gages, whether vertical or inclined, a special adjustable 
box is necessary on account of the great range of stage for which pro- 
vision must be made. A wooden box that has openings through the 
bottom and made to slide up and down on the gage may be set at the sur- 
face of the water by the observer at the time of each observation. Fre- 
quently a tin can or pail may be utilized in a similar manner with good 
results. These adjustable boxes must be varied and arranged to suit 
particular gages. 

RECORDING GAGES. 

Recording gages make a record of stage either continuously by a curve, 
the coordinates of which indicate the time and the stage, or at stated 
intervals of time by a printing device. The essential parts of the record- 
ing gage are: (a) a float which rises and falls with the surface of the 
water, (6) a device for transferring this motion of the float to the record, 
either directly or through a reducing mechanism, (c) the recording device, 
and (d) the clock. 

These gages should be used where the diurnal fluctuation of stage is so 
great and irregular that it is impossible to determine even approximately 
the mean daily gage height from a limited number of staff gage readings 
daily, as on streams artificially regulated for power or other purposes, or 
on those fed by melting snow or ice or subject to short and violent storms. 
Their use is also frequently necessary in connection with the division 
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of water both in streams and canals, as well as on streams where daily 
observations of stage on a staff gage would be sufficient, but where ob- 
servers are not available. They are also being used increasingly and 
with great benefit in the operation of power plants. 

With each recording gage a staflE or some other form of non-record- 
ing gage is necessary in order that the accuracy of the stage record 
may be easily and frequently checked. 

OOMTNUOUg-RECORD OAOE8. 

Various automatic gages have been built to record stage by means of a 
graph. These are generally similar in having a drum for carrying the 
record sheet, a movable arm for carrying the pencil or pen, a clock 
which propels either the pencil or the drum and determines the time 
ordinate, and a float with counterweight which propels either the drum 
or the pencil and determines the stage ordinate. 

Of the many gages of this type that have been devised the Friez,* 
Gurley, and Stevens^ (PI. Ill, A and C) have been found well 
adapted for general use. The Friez and Gurley gages are similar in 
that they are operated by 8-day clocks, and the record sheets are de- 
signed to carry one- week records. The time ordinate is parallel to the 
axis of the drum, which carries the record sheet, and the stage ordinate 
is perpendicular to this axis. 

The Stevens gage is operated by a weight-driven clock which can be 
arranged to run from 30 to 90 days by providing sufficient fall for the 
weight. The record sheet is furnished through a supply roll over a 
main drum to a receiving roll. The supply roll is arranged to carry 
sufficient paper for a year's record. The graph for any period of time 
can be removed as desired. In this gage the stage ordinate is parallel 
with the axis of the drum and the time ordinate peri)endicular to this 
axis. The drum is operated by the clock, and the pencil carriage, 
operated by the float, is so arranged that when it reaches e^iher limit of 
the gage sheet it reverses, thus recording any stage. 

It is essential that continuous-record gages be arranged so that 
the graph will not extend beyond the limits of the record sheet. This 
is accomplished on the Friez and Gurley gages by having the stage ordi- 
nate pass around the drum and on the Stevens gage by the reversal of 
the pencil carriage. 

* Manufactured and sold by Julien P. Friez, Baltimore, Md. 
b Manufactured and sold by Leupold & Voelpel, Portland. Ore. 
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The scales of the record sheet will depend upon the range of stage to 
he recorded. The usual vertical scale for lai^ streams is 1 to 10 and 
for smaller streams 1 to 5. A time ordinate of an inch to a day is 
usually satisfactory. The possible accuracy of a continuous-record gage 
is determined by the reliability of the clock and the amount of lost 
motion in other parts of the gage, which may introduce errors in the 
curve. 

In the operation of the continuous- record gage, visits at regular 
intervals are necessary in order to wind the clock and change or remove 
the record sheet (Fig. 11). In changing the sheet, the exact time and 
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stage as observed on the staff gage, should be noted on the face of both 
the old and the new record sheets. The clock should be set, if neces- 
sary, and the amount of error in time also recorded on the old record 
sheet. In placing the new sheet care must be taken to start the pencil 
at the proper time and stage ordinates. 

In additioo to these regular visits, intermediate visits should be made 
as frequently as possible in order to insure the accuracy and continuity of 
the record. The exact time of such visits, together with the stage as 
determined by the staff gage and other pertinent notes, should be made 
on the face of the record sheet or in a special note book and referred to 
the curve by an arrow pointing to the location of the pencil point at the 
time of the visit. When a note book is used each entry should be 
numbered and dated both in the book and on the record sheet. 

The continuity of a record obtained by this type of instrument does 
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not neijessarily indicate that the record is accurate. The above pre- 
cautions are therefore of importance. Full notes of all conditions which 
may in any way affect the record or its interpretation should be made 
on the record sheet or in a special note book at each and every visit 
of the observer. 

The following sources of error are inherent in continuous-record gages 
of the float type; 

1 . Difference between elevation of water in the float well and the river. 

2. Inaccurate starting of pencil on the record sheet. 

3. Lag in the mechanism which prevents the recording pencil from 
responding promptly to changes in stage. 

4. Errors in the clock. 

6. InsuflScient scale of both time and stage to enable accurate inter- 
pretation of the record. 

6. Imperfect printing of the record sheet. 

7. Exi)ansion and contraction of the record sheet due to moisture. 
This can be partly eliminated by placing cubes of camphor or other 
absorbents in the gage box. 

The mean daily gage height may be determined from the continuous 
record sheet in three ways : 

1. By taking the average of readings at regular intervals of time, 
depending upon the variation in fluctuation of stage; 

2. By means of an ordinary planimeter, in which case the area 
bounded by the curve and its base line is divided by the length of the 
base; 

3. By the Fuller integrator, which gives the mean height directly by 
tracing the line. 

In certain studies it may be desired to plot on the record sheet the 
curve of corresponding discharge or run-off, from which the mean daily 
discharge will be taken. 

INTEKMITTENT-RECORD GAGES. 

The only successful automatic gage so far constructed which prints 
the stage and the time at regular intervals of time is the Gurley gage 
(PI. Ill, B) which has been designed and built along lines suggested by 
the engineers of the Water Resources Branch of the United States Geo- 
logical Survey. This gage is free from lost motion and the time and 
stage are printed (Fig. 12) to the nearest hundredth of a foot each 15 
minutes. The gage is operated by a weight-driven clock and, with 
suflScient fall for the weight, will run 60 or even 90 days without wind- 
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ing. It is compact, small and comparatively simple in construction, 
and is adapted to work where the highest degree of accuracy is desired. 
The mechanism of the gage sets on an iron base 14 inches square and is 
covered with a tight metal cover about 21 inches high which protects it 
from both dust and moisture. 

The recording mechanism consists of three parallel type wheels (behind 
the clock), on the face of which are raised figures and divisions. On the 
first of these wheels the periods of time from 1 to 12 hours are indicated 

at intervals of 15 minutes, for recording time. 
The height is recorded by the other two wheels, 
one of which carries the feet-numbers to 36 feet 
and the other the tenths and hundredths of a foot. 

The time-type wheel is controlled by a weight- 
driven clock, which is so constructed as to endure 
changes in temperature without variation in its 
regular operation. 

The two wheels which indicate the stage of the 
river are actuated by a float which with its counter- 
weight is supported by a metal band perforated at 
intervals to fit over the pins in the periphery of 
the pulley wheel attached to the height wheel 
over which it runs. 

The record is made by the striking of a mechan- 
ically actuated cushioned hammer, every 15 
minutes, against a strip of paper which is backed 
with a carbon strip and passed over the face of 
the type wheels. The record paper and carbon 
paper are unwound from separate spools and taken 
up on two other spools, after they pass over the 
type wheels. 

Maintenance of this gage, in addition to general 
inspection, requires attention in regard to the 
following: 

1. Check the relation of water in and outside the float well. 

2. See that the stage-type wheel is recording correctly. 

3. Check the clock. 

4. If desired, remove the record printed since the last visit. 

5. A history of each visit, of changes, and of work done should be 
made in a special note book and referred to by date and number both 
on the record sheet and in the book. 
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Pig. 12.--Typical Intermit- 
tent-record Oaffe Sheet. 
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INSTALLATION OF BBCOBDINO GAGES. 



A large element in the satisfactory operation of any automatic gage is 
its proper installation, which will determine the accuracy of any record- 
ing gage record. Improper installation will deteriorate the results from 
the best of gages, while with an adequate installation the accuracy of the 
results is only limited by the construction of the gage. If the expense 
of an automatic gage is to be incurred, approximate results are not satis- 
factory and it is, therefore, essential that the installation be so thorough 
as to eliminate any question of the accuracy of the results. Special care 
and thoroughness in installation are necessary if the records are to extend 
over winter months and times of freshet, in order that freezing and dis- 
turbance from floating ice and debris may be eliminated. 

In installing an automatic gage (PI. V, A) it is necessary to provide a 
well, connected with the river, for the float; a house to shelter the gage; 
and staff gages with bench-marks for checking the record and maintain- 
ing its datum. Local conditions will usually determine the method and 
details of the installation. (PI. IV, A.) 

In the ideal installation the well and the house should be located far 
enough back from the river to be out of danger from floating ice or drift 
and to provide sufficient protection for the well and pipes to prevent 
freezing. The bottom of the well must be below the lowest stage and not 
less than 3^ feet square. It should be provided with a permanent ladder, 
extending to the bottom, so that the float and intake pipe can be readily 
inspected, and if the gage is to be maintained for a long period of time it 
should be lined with concrete. Otherwise a heavy plank lining can be 
substituted. The float pipe should be not less than 4 inches in diameter 
and the intake must be well below the lowest stage of the river and pro- 
vided with a screen for keeping out silt, etc. It should also be provided 
with a check gate as it enters the well, so that the flow can be reduced to 
eliminate wave action. The best material for the intake pipe is spiral- 
welded steel with flange imions. 

The shelter for the gage should have inside dimensions of at least 5 
feet square and 6 feet high, in order to provide sufficient room for the 
observer to conveniently look after the gage. The house should have a 
window and the door should be closed when the cover is removed from 
the gage, to keep out dust. The floor should have a trap door for entering 
the well and a ventilating pipe should be provided both for the house and 
the well, in order to eliminate the dampness. The stand for the gage 
should be high enough to provide for its easy inspection. 

The most satisfactory material for the house is concrete with metal 
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covering on the roof and door which will insure the gage against destruc- 
tion by fire or from being otherwise disturbed. Many automatic gages 
in out-of-way places have been destroyed by being used as targets for 
rifle shooting. 

. Two staff gages, referred to permanent bench-marks, should be installed 
with each automatic gage in order to check the readings with the stage 
of the river. One (preferably a hook gage) should be located in the float 
well to determine whether the water in the well is at the same elevation 
as in the river, and the other should be placed in the river and of a type 
best suited to the locality. The river gage should be in the same cross- 
section of the river as the intake pipe. It may, however, be dispensed 
with by the use of a reference point so located that the elevation of the 
water surface can be easily determined from it. 

When the well is properly constructed and located back from the river, 
there should be no danger from frost, even in temperatures as low as 30 
degrees below zero. In case there is danger from freezing, it can be pre- 
vented by arranging a floating lamp in the well, or by hanging an electric 
light bulb near the surface of the water. Where the float is in a tube of 
small diameter, freezing can be prevented to some extent by pouring oil 
in the well. 

The best type of lamp is a floating iron kettle suspended by a counter- 
weight. In the kettle a tight cover, carrying a burner, should be soldered 
a few inches from the top. Such an arrangement will provide for two or 
three quarts of oil, which, with an ordinary lamp burner, will burn several 
days. 

STRUCTURES FOR MAKING DISCHARGE MEASUREMENTS. 

In addition to gages, as already described, regular gaging stations 
must be provided with — 

1 . A structure to support the engineer while observing the velocity and 
depth, when the stream is too large to permit making measurements by 
wading. 

2. A cable and stay line to hold the meter in the vertical when the 
soundings and velocity observations are made. 

3. A graduated line for indicating the distances between the points of 
measurement. 

STRUCTURE FROM WHICH MEASUREMENTS ARE MADE. 

Discharge measurements will be made either (1) from an existing or 
specially constructed bridge (PL II, B), (2) from a cable carrying a car 
(Pis. IV, B, and V, A), or (3) from a boat held in position by a cable 
or guy line. 
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BRIDGES. 



When existing bridges are available in localities where the conditions of 
channel and current are suitable for the collection of a good discharge 
record, a gaging station may properly be located at such structure, and 
when so located it can generally be installed at a minimum cost. Ideal 
conditions for measurements are not usually found at existing bridges, 
and stations so located generally involve the sacrifice of accuracy to save 
expense. The selection of a gaging section without reference to existing 
structures makes possible the securing of better conditions of measure- 
ment. A material saving will be made thereby in maintenance if the 
station is to be continued through a considerable period of time, even 
though the first cost of the station is large, because fewer discharge meas- 
urements will be necessary for determining the station rating curve. 

If the stream is not too large, a special cheap wooden or suspension 
bridge may often be constructed advantageously. 



CABLES.* 



In the absence of a bridge as a support for the engineer in making 
observations of velocity and depth, a cable for carrying a car may be 
stretched across the stream. The equipment and appurtenances for such 
a cable station (PI. IV, B) consist of the cable, supports and anchorages 
for sustaining it, turnbuckles for regulating the sag, and a car for car- 
rying the observer. 

The cable. — Iron or steel cable of sufficient tensile strength to sustain 
the car and two men, in addition to the weight of the cable itself, should 
be used. The stress in the cable due to a vertical load will increase as the 
sag decreases. Consequently the cable is least safe when the sag is a 
minimum. In the following table the diameter is computed for a live 
load of 460 pounds on the cable at the center of span and an initial ten- 
sion corresponding to the sag given in the table. With an ultimate 
strength of 80,000 pounds per square inch the factor of safety for these 
dimensions is about 5. The sag given in the table is the least allowable; 
if it is increased, the factor of safety is increased. In making connections 
the cable should not be bent to a shorter radius than three diameters and 
the tumbuckle and connections should have a safe working strength of an 
amoimt given in the last colunm of the table. Galvanized cable, pulley, 
etc., should be used, in order to delay corrosion. 

•Engineerinfir News, May 6. 1909. " The Design of Cable Stations for River Measurements/* by 
J. C. Stevens. 
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Proper diameter and sag of galvanized steel cable ^ with live load of 450" pounds for 

spans of 100 to SOO feet. 



Span. 


Diameter. 


Sag. 


Stress. 


Feet. 


IneJies. 


Feet. 


Feet. 




100 


i 


4 


2,938 




200 


A 


6 


4,167 




300 


. :• 


8 


5,061 




400 


; • 


10 


6,300 




600 


' ' 


12 


7,813 




600 


■ 


12 


10,125 




700 




14 


12,626 




800 


n 


16 


16,660 





Supports. — ^The nature of the supports for the cable will depend on 
the physical characteristics of the location. It may be supported either 
by some natural object, as a tree or cliff, or by some form of artificial 
tower. 

Frequently trees are properly located to serve as supports, and when 
so located may be cheaply and satisfactorily used. The only objection 
to them arises from their swaying in the wind. Protection in the form 
of wooden blocks must be provided for the limbs which support the cable 
to insure that the motion of the tree shall not speedily cause the destruc- 
tion of the support. A better way, when possible, is to pass the cable 
through a pulley block, which, in turn, is attached to the support. Large 
rocks, when available at sufi^cient elevation above the stream bed, make 
excellent cable supports, as the cable can be connected directly to the 
anchorage. 

In case artificial supports are required the form will depend somewhat 
on the height necessary. For low support and a short span, a single 
post, 10 to 14 inches in diameter, set firmly in the ground, is sufl&cient. 
When, however, heights greater than 12 or 16 feet are necessary , "shear 
legs" (PL IV, B) are generally used. In their construction two posts 
(8 inches by 10 inches or their equivalent in round logs) should be set 
in the groimd 10 to 15 feet apart at the base, inclined toward each other 
so that they will be 2 to 5 feet apart at the top, and connected by at 
least three strong pieces secured to them by bolts fitted with washers 
and nuts or by "drift bolts" of suitable lengths; or these posts may be 
set so that they will cross near their ends, and should then be fastened 
to each other by two or more bolts with nuts. The cable may rest on 
the top cross-bar in the first instance or in the crotch in the second 
instance, but in either case should preferably be passed through a pulley 
block at the end having the tumbuckle. All towers should be well guyed 
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SO they can not move toward the stream. In crossing the shear legs 
the cable should make equal angles with the legs on both sides. 

Anchorage. — The form of anchorage will vary with diflFerent conditions. 
If solid rock is available, an eye-bolt split at the lower end and driven 
against a wedge may be set in a drill hole, which should then be com- 
pletely filled with sulphur, lead, or Portland cement grout. If no solid 
rock is at hand, a *' deadman, " made of a log 8 to 12 inches in diameter, 
may be buried in the ground below the limits of frost and at least 4 feet 
deep, the length of the log and depth in the ground depending somewhat 
on the span of the cable. 

The anchorages should be so arranged by means of long eye-bolts 
embedded in concrete, or auxiliary cables attached to the "deadman," 
that the main cable and its connections will be exposed for inspection. 

The cable should be attached at each end to two independent anchor- 
ages or supports. In case posts are used for supports the cable should 
be attached to them by means of a short piece of cable with clips. A 
support which is not set in the ground should be guyed to anchors of some 
kind, both forward and backward, and the cable attached to it. In still 
other cases it is advisable to make a second independent anchorage in the 
ground. 

Turnbiickle. — ^A tumbuckle for use in taking up sag, having a capacity 
of 2 to 6 feet, should be inserted in the cable on tiie side of the river from 
which the engineer approaches the station. This should have right-and- 
left screws and not a screw at one end and a swivel at the other. 

An arrangement can easily be made whereby one man alone can tighten 
the cable, even if a greater length than the capacity of the tumbuckle 
must be taken up. This is accomplished by means of an auxiliary cable, 
which spans the tumbuckle and is clipped to both the main cable and 
the anchorage. The tumbuckle having been unscrewed and in that 
condition clipped to the main cable, the auxiliary cable is released and 
the tumbuckle drawn up. If the capacity of the tumbuckle does not 
remove a sufiicient amount of sag, the auxiliary cable must again be 
clipped to the main cable and the tumbuckle released, unscrewed, and 
slipped along the main cable to a new position and the operation repeated. 

Car. — ^The car should be made about 5 feet by 3 feet and about 1 foot 
deep and attached at each end to a pulley on the cable by means of iron 
or steel straps or by Ught cable, or by wooden standards, never by manila 
or cotton rope. If wooden standards are used, they should be so securely 
attached to the car that in case of accident they will not be wrenched 
loose. Plate IV, B, shows an excellent type of car. The details of the 
iron work for this car are shown in figure 13. The car in operation is 
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shown on Plate V, A. For safety and ease in propelling the car, a puller 
as shown on PL IV, B, should be provided. 
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Fio. 13.— Details of Hansen for Cable Car. 



BOATS. 

Boat stations as ordinarily equipped are unsatisfactory on account of 
the difficulty in holding the boat in position, in making soundings and 
in operating the meter. Ferry boats operated from cables can often be 
advantageously used. In the measurement of large rivers, as in the 
work of the Corps of Engineers, United States Army, on the Niagara, St. 
Lawrence, and other large rivers, specially constructed catamarans* with 
special equipment for their control and ox)eration, have been used with 
great success. Such equipment is expensive and is generally applicable 
only for special investigations on large streams. 

*■ See reports of U. S. Lake Survey. 
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STAY UNE CABLES. 

In order to hold the meter in the vertical when making measurements, 
all stations should be equipped with cables and stay lines (PI. V, A). 
The cable need not exceed one-fourth inch in diameter and for ordinary- 
stations a cable of No. 10 or No. 12 galvanized wire will be ample. It 
should be located from 30 to 100 feet above the measuring section, de- 
pending on the width and depth of the stream, and should carry a ring 
about 3 inches in diameter, through which a small rope is run, one end 
of which is connected to the upper end of the meter stem and the other 
end is held by the man operating the meter. In operation, the ring 
moves freely on the cable and the rope slides through the ring, thus 
enabling the observer to hold the meter in any desired ix)sition in the 
stream. A cable and stay line are easily installed and manipulated and 
are indispensable for obtaining accurate measurements when the veloci- 
ties and depths are considerable. 

LINES FOR INDICATING MEASURING POINTS. 

In order that the measuring points at a gaging station may be easily 
located at the time of making measurements, and that the distance 
between the measuring points may be readily determined, they should be 
referred to a fixed initial point, and the section should be divided into 
regular intervals by permanent marks placed on the bridge rail or floor, 
in case of a bridge station ; on the main cable or on a secondary tagged 
cable, in case of a cable station ; and on a tape or tagged line stretched 
across the stream for measurements made from a boat or by wading. In 
the latter case, if it is not practicable to leave the line in place, the initial 
point should be so located that the line can be stretched for each discharge 
measurement in the same position as for previous measurements. 

ARTIFICIAL CONTROL. 

Streams whose beds and banks are shifting either at the gaging section 
or in the channel below the gage in such manner that the relation of 
stage to discharge is not stable or which afford no satisfactory section 
for making discharge measurements may require the building of arti- 
ficial controls for correcting these conditions (PI. VI, B). The practica- 
bility of constructing such controls which may be considered essential to 
the establishment or improvement of gaging stations on many streams, 
is limited by the cost of building and maintenance, both of which depend 
largely on the size and regimen of the stream. As generally constructed 
artificial controls are essentially low submerged dams but occasionally 
they are of the free overfall type. They vary in size and shape with the 
accuracy of record desired, the character of stream, the nature of bed 
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and banks, and the situation with respect to availability of labor and of 
materials for construction. In general, it will be desirable to build a 
control of concrete or timber well anchored to the banks and bed of the 
stream by means of abutments and sheet piling or other cut-off walls. 
A reef or bar of gravel or boulders grouted with cement may prevent 
change of channel and take the place of a more elaborate structure. 

The essential features of an artificial control are (a) stability, (b) 
tightness, (c) suflScient height to serve as a control at all stages, (d) suf- 
ficient width in some instances to furnish a measuring section, (e) crest 
of such shape as to give a proper degree of sensitiveness to the station, 
(f) clear channel of approach, and (g) position near the gage. 

Stability of the stage-discharge relation is the principal object sought 
in constructing an artificial control. The structure itself must, there- 
fore, be so built that it will be stable at all stages without serious danger 
of failure by undermining or washing around the end and that the 
crest will retain its elevation and shape under the severe conditions of 
abrasion i)ertaining to streams that carry large quantities of sand, gravel, 
and even boulders. The conditions for stability are those pertaining to 
a small dam. Abrasion of crest may be reduced to a minimum by a 
steel lip placed in the crest of a control. Such lip is most effective if 
placed near the downstream edge of the crest where it will serve both to 
give a free overfall at low stages and to hold a cover of sand and gravel 
on the upstream slope for its protection. 

As an artificial control is constructed in order to make possible the 
collection of a good record of discharge by means of a record of stage, it 
is essential that practically all of the water shall be forced to flow where 
it will affect the stage. Conditions that will permit the passage of 
appreciable quantities of water through or around a control in strata of 
sand, gravel, lava or other material will not give satisfactory results. 

The height necessary for an effective control will vary with the size 
and sloi)e of the stream at the control and the slope and other conditions 
of bed and banks below. The lower the control and the less the de- 
parture from the natural conditions of channel the smaller will be the 
effect of running water in tearing down the structure and the cheaper 
will be its construction and maintenance. The height of an artificial 
control must be sufficient to prevent its drowning at medium and high 
stages by the backwater from a secondary and shifting natural control 
below. The smaller the slope of a stream and the more restricted and 
tortuous the channel below the control the greater the height needed for 
efficiency. A stream of rapid fall below the control offers little chance 
for drowning of one control by backwater from a control below. The 
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ratings for certain gaging stations shift only in the low-water sections. 
For such stations artificial controls of sufficient height to govern the 
stage-discharge relation throughout the range of shift will evidently 
accomplish the purpose as well as higher controls. 

On rough mountain streams it is often difficult to find gaging sections 
at which reasonably accurate measurements of discharge, esi)ecially at 
low water, can be made. A section that is cleaned up and made reason- 
ably smooth may fill with boulders during the next high water. On 
such streams it may be advisable to construct artificial controls with such 
width of crests, 12 inches or more, as to aflford measuring sections. 

The shape of the crest of an artificial control in elevation across the 
stream will determine the sensitiveness (p. 46) of the gaging station 
and therefore the accuracy of the record that can be collected. The 
greater the fluctuation in stage for a given change in discharge the less 
the refinement needed in the record of stage to obtain the desired accu- 
racy in record of discharge. A long level spillway will create a pool 
that will fluctuate slowly and in which the stage must be recorded with 
great accuracy if reasonably accurate estimates of flow are to be made 
therefrom. The crest of an artificial control should therefore rise by 
steps or slopes from the lowest portion which may be in the center of 
the channel or near either bank, to the banks at a rate commensurate 
with the size of the stream and the accuracy of record desired. 

The channel of approach should be clean of boulders, debris, or vege* 
tation in order that the artificial control may be effective in maintaining 
a stable relation of stage to discharge at the gage. The control should be 
situated as near the gage as is practicable and at only sufficient distance 
from it to insure that the gage shall at all stages be in still water above 
the sharp surface slope immediately above the control. 

INSTRUMENTS FOR DETERMINING OLIMATOLOGICAL DATA. 

In the study of the hydrology of a given area the engineer will often 
need to consider the climatological conditions which affect the quantity 
and distribution of the water supply. In such studies it may be neces- 
sary to collect data in regard to : — (1) Precipitation in the form of rain; 
(2) precipitation in the form of snow; (3) evaporation; (4) tempera- 
ture ; (5) relative humidity ; (6) wind movements. 

The methods and instruments of the U. S. Weather Bureau, repre- 
senting the best practice for collecting climatological data, have been 
described in bulletins of that bureau, which may be obtained upon 
application. 



CHAPTER III. 

VELOCITY-AREA STATIONS. 

Velocity-area gaging stations are divided, according to the method by 
which the velocities are measured, into current-meter, float, and slope 
stations. Current-meter stations are further divided, with respect to the 
facilities for making the observations, into bridge, cable, boat, and 
wading stations. 

The data necessary for continuous records of stream-flow at velocity- 
area stations are, first, results of measurements of discharge, and, second, 
records of mean daily stage. The collection of such data requires four 
distinct procedures: 

1. Selection of a site for the gaging stations, 

2. Establishment and maintenance of the station, 

3. Measurement of discharge, and 

4. Observation of stage. 

SELECTION OF SITE. 

REQUISITE CONDITIONS. 

Conditions that determine the desirability of a site for a velocity-area 
station comprise, first, conditions that insure good measurements of 
discharge and stage, second, those that affect the computation of flow at 
times when measurements of discharge are not made, and, third, those 
that affect the cost of obtaining the records. 

Conditiona pertaining to meamremenJta of flow and stage. — ^The measure- 
ment of discharge by current meter requires a fairly smooth bed and a 
measurable and uniform velocity of current. The velocity of the current 
should be uniformly distributed throughout the section, which should 
show no marked eddies, cross currents, or boils, and its mean should 
not be less than 0.5 foot per second at low stages. Measurements to be 
made by floats or by determinations of slope require also a straight stretch 
of channel, 200 to 1,000 feet long, through which the cross-section and 
velocity are reasonably uniform. 

The site should be so selected that the gages for measuring stage may 
be economically installed and may be readily accessible for reading. 
44 
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Conditions pertaining to computation of flow. — The essential conditions 
affecting the computation of flow are permanency of the relation of stage 
to discharge and the sensitiveness of this relation. 

The elevation of the water surface of a stream flowing in an open 
channel is regulated from point to point by certain features that may 
conveniently be referred to as control sections. A control section may 
be a dam or weir, the crest of rapids or abrupt falls, a bar extending 
across the river, or, where the slope is uniform throughout, a long stretch 
of the river bed itself. The slope of the water surface above each control 
section is determined by the height of water at the control section. 
Computations of daily discharge are based on the assumption that the 
discharge of a stream for any given stage is unchanged so long as the 
character of the river at the control section remains unchanged, and that 
it varies with the stage according to some law. This relation between 
stage and discharge makes practicable the construction of a rating curve 
from a few measurements of discharge made at times which cover the 
range of stage. This rating curve is, therefore, the graphic representa- 
tion of the formula for computing the discharge over or past the control 
section, and by its use the flow can be computed from records of stage 
at times when discharge measurements are not made. Any change in 
conditions at the control section will modify the relation between stage 
and discharge and make necessary the construction of a new rating curve ; 
if, however, the conditions are permanent, measurements made in dif- 
ferent years will define a curve that may be applied to a record of gage 
height extending over an indefinite time to obtain estimates of discharge. 
,A permanent control is, therefore, of prime importance for a gaging 
station maintained for the determination of daily discharge, as otherwise 
it is necessary to construct new rating curves after each shift, and if 
shifting is continuous, as in many streams in the Southwest, one or 
more discharge measurements a week may be required. 

Attention is particularly called to the fact that permanence of flow past 
the gage is the essential condition, because the records of gage heights 
and the rating table pertain to the section at the gage and not necessarily 
to the section in which discharge measurements are made. This involves 
the requirement that the bed and banks at the control section shall be 
permanent. The shifting of a bar of sand or gravel in the channel 
below the gage may make a decided change in the relation between 
discharge and gage height, even though the cross-section at the point of 
the measurement remains unchanged. On the other hand, a permanent 
reef or le^ge extending across the stream a short distance below the gage 
will control the relation between gage height and discharge, even though 
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the bed at the measuring section or at the gage may change. Stations 
established under such conditions of control give excellent records. 

The relation between stage and discharge may be disturbed by various 
modifying conditions even when the natural control is permanent, and 
care should be taken in the selection of a site for a station to avoid those 
conditions, which may occur in the backwater from a dam as a result of 
intermittent diversions, or result from the choking of the river with 
flood water discharged from a tributary below, or from the temporary 
accumulation of ice, logs, or other drift. 

For a given stream the shape and size of the control will govern the 
magnitude of change in stage resulting from a change in discharge. 
This relation is referred to as the sensitiveness of the station, and the 
station should be selected so as to give as large a change in stage as is 
possible for a given change in discharge. Estimates of flow at non- 
sensitive stations which have relatively small fluctuations in stage, are 
liable to large errors on account of lack of refinement in the determina- 
tion of mean daily stage. 

Conditions pertaining to cost of records. — ^Three principal factors enter 
into the cost of obtaining stream-flow records — the character of the 
records, the position and character of the gaging station, and the instru- 
ments and equipment to be used. 

1. The character of the records will depend on the use for which the 
data are needed and the length of time that the observations are to be 
continued. 

2. The position and character of the gaging station will depend on the 
characteristics of the regimen of the stream, the accessibility of the 
station, the availability of gage readers, and the permanency of the con- 
trol, which determines the number of discharge measurements necessary 
for computing daily discharge. 

3. The instruments and equipment for collecting the data will depend 
on the necessity for a recording gage, the availability of structures or 
equipment by means of which velocity and depth may be measured, and, 
in the absence of a suitably located bridge, conditions of bank favorable 
to anchorages and support for a cable. 

RECONNAISSANCE. 

A gaging station should be established only after a thorough recon- 
naissance has been made of the section of the river in which the station 
is to be placed. As the object of this reconnaissance is to find the best 
site to furnish the desired results, it should be made, if possible, during 
a low stage of the river and, if feasible, should be supplemented by 
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an inspection at a high stage. At low stages the bed can be carefully 
examined, and the minimum velocity can be determined, and a fair 
estimate of conditions.at high stages can also be made. At medium and 
high stages it is generally impossible to examine the bed or to make any 
estimate of velocity at low stages. 

Careful notes and sketches should describe the conditions at the 
localities examined, as the position of the station can not be finally 
chosen until all possible sections of the stream have been inspected. 
The notes should be complete in all details and should include negative 
as well as positive information. 

In making the reconnaissance consideration should be given to the 
three requisite conditions that have been described, and the recorded 
information should include the following subdivisions of these topics: 

1. Conditions pertaining to measurements of flow and stage, including 
(a) the type, dimensions, and location of the gage or gages ; (b) the 
velocity and distribution of the current of water; (c) the bed — whether 
rough or smooth, permanent or shifting, and (d) the section of river 
available for determinations of slox)e when measurements of discharge 
are to be made by the slope method, estimated length, curvature, slope, 
obstructions, facilities for measurements of cross-sections, etc. 

2. Conditions pertaining to computations of flow, including (a) the 
location and character of the control section ; (b) the proximity of dams 
or tributaries above or below the section and their probable effects at 
the station and (c) the banks — shifting or permanent, wooded or clear, 
high or low, etc. 

3. Conditions pertaining to cost of records, including (a) the accessi- 
bility of the site; (b) the availability of gage readers and their qualifi- 
cations; (c) the estimated cost of establishment of the station ; (d) the 
estimated annual cost of maintenance, and (e) the structures available 
for supporting the engineer in making measurements, or, in the absence 
of such structures, the span, supports, and anchorages necessary for a 
cable, with a statement whether or not all flood water passes under the 
structure or cable. 

The selection must be determined largely by the facilities afforded for 
obtaining an accurate record of stage and for measuring precisely the 
area of cross-section and the velocity of the current. 

In general it has been found economical, in the end, to establish a 
gaging station where conditions are good, even though the cost of instal- 
lation may be relatively great, as the cost of operation and maintenance 
will probably be less and the records will be more satisfactory than at 
stations where conditions are poorer. 



48 RIVER DISCHARGE. 

ESTABLISHMENT AND MAINTENANCE OF STATIONS. 

The site for the gaging station having been selected, the routine of 
establishment and maintenance will depend on the equipment necessary, 
that is, on (1) gages, (2) structures for making measurements, and 
(3) controls. The character of the equipment and the manner of its 
installation will in large measure determine the accuracy and cost of the 
records. Money expended in the initial installation will generally 
materially reduce the cost of operation and maintenance, and thus reduce 
the cost of the records. 

Gages, — The type of gage to be used will depend on the physical 
conditions at the site, the availability of a gage reader, the importance 
of the station, and the number of readings necessary for the proper 
determination of the mean daily stage. In general the gage or gages, 
with the necessary bench marks, will be first installed in the manner 
described on pages 23 to 36. 

The determining factor in the use of a stafif gage will be the availability 
of a reliable gage reader, lack of which will render the use of a recording 
gage necessary, even though other conditions may be favorable for a 
non-recording gage. The accuracy of the records of stage will depend 
largely on the ease with which the observations can be made ; therefore the 
gage should be so placed as to be readily accessible, and the convenience 
and even the comfort of the person reading and caring for the gage 
should be insured by facilities provided in the vicinity of the gage. 

If the gage is not located in the section in which meter measurements 
are made, an auxiliary gage or, preferably, a reference point should be 
placed in the measuring section, in order that a standard cross-section 
may be used for determining the area factor of the discharge. 

It should be borne in mind that the rating curve of discharge applies 
to the cross-section of the river in which the gage is located. Therefore 
the location of the gage, once decided upon, should not be changed 
without good reason, as relocation will require the development of a new 
rating curve* If it is considered necessary or desirable to replace a gage, 
the new one if installed in the same section should be made to read from 
the same datum as the old one, unless there is some excellent reason to 
the contrary. Furthermore, secondary gages should be avoided except 
where necessary for determining slopes or the areas of cross sections at 
the measuring section. This precaution is necessary because, for a given 
change in discharge, the stage will vary differently at different cross-sec- 
tions because of differences in condition of channel. 

Structures for making measurements, — General discussion of structures 
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for making measurements appears on pages 36 to 40, but two important 
considerations, the safety of the equipment and the ease with which it 
can be used, are here mentioned. As the lives of the men who are to 
make the measurements will depend on the strength of these structures, 
liberal factors of safety should be employed and the materials used 
should be durable. 

Controls. — As stated on page 45, a permanent control section is one of 
the fundamental requisites for a satisfactory gaging station. If the site 
to be used lacks a permanent natural control, an artificial control may 
be provided by grouting the bed or by building a low structure of wood 
or concrete, discussed on pages 41 to 43. 

Description of station. — A complete description of the gaging station is 
necessary, covering the following topics: 

1. The location referred to the nearest post office, railway station, 
dwelling, and tributary streams above and below, and if in a public-land 
State, to the smallest legal subdivision. 

2. Date of establishment. 

3. Name of x)erson who established the station. 

4. Name, post office address, and rate of compensation of observer. 
6. Gage or gages and their bench marks. 

6. Equipment from which measurements are made. 

7. The control section. 

8. Channel and other conditions which may affect measurements of 
discharge or stage. 

9. Conditions which may affect estimates. 

The description of each station should be accomi)anied by a general 
sketch showing the situation of the station with reference to topographic 
features, the observer's house, roads, towns, tributary streams, dams, 
and diversions. A detail sketch showing conditions at the gaging section 
may often be desirable. 

THE MEASUREMENT OF DISCHARGE. 

The discharge at velocity-area stations is obtained by measuring the 
area of the cross-section, and the velocity of the moving water. The 
area of the cross-section is determined by soundings. The velocity of 
the moving water is measured either directly— by observing the time of 
I)assage of a float over a measured course — or indirectly — by noting the 
revolutions of the wheel of a current meter or by measuring slope and 
using slope formulas. Discharge measurements are classed in accord- 
ance with these three methods of measuring velocity. 
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In making the measurement by means of a current meter or floats the 
area of the gaging section (PI. II B) that is perpendicular to the thread 
of the current of the stream is divided into x)artial areas, for each of 
which the discharge is determined independently by multiplying its 
mean velocity by its area. The total discharge is the sum of the partial 
discharges. This computation of i)artial discharges eliminates the 
application of results obtained for conditions existing in one part of the 
channel to parts in which they do not apply. 

AREA OF CROSS-SECTION. 

The area of cross-section of a stream, the first factor in measuring 
discharge, depends on the contour of the bed, which is determined by 
soundings, and on the stage of the river, which is observed on the gage. 
The methods used in its determination will be the same regardless of the 
methods used for measuring the velocity. For current-meter stations the 
area of only the measuring section is required. For float and slope 
stations the average area throughout the portion of the river used for 
the observations must be obtained. 

Soundings. — Soundings are made either by a graduated rod or by 
weight and line. 

Sounding rods are limited in use to depths of less than 15 feet and are 
best adapted for use at wading and boat stations, where the depths and 
velocities are relatively small, but may occasionally be used at bridge 
stations where the bridge is not high above the water. 

The weight and line are used in making soundings in water of greater 
depth than 15 feet, and from bridges or cables which are high above the 
water. Soundings from a bridge or cable with weight and line are 
most readily taken as follows : Lower the weight and line until the 
weight rests on the bed of the river directly underneath the measuring 
ix)int. With the line taut, mark a point on it opposite a fixed point 
on the bridge or car; then raise the weight until it just touches the 
surface of the water and measure the length of the sounding line that 
passes the fixed point mentioned above. The depth is most readily 
measured by placing the end of a linen or metallic tape opposite the 
fixed starting point on the sounding line, grasping both the line and the 
tape in the hands, and drawing up the line and tape without i)ermitting 
them to slip on each other until the weight rests on the surface of the 
water. The length of line thus drawn up, representing the depth of the 
water, can then be read directly from the tape. This measurement 
may usually be made by one person even when the depth is 10 to 12 feet. 
Where meter measurements are made from a bridge or cable, the meter 
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cable, with meter and lead attached, is generally used for sounding 
if the depths and velocities are small but care must be taken that the 
meter is not damaged. 

The greatest and most common errors in measurements of discharge 
are caused by erroneous soundings. Errors in soundings by weight and 
line are due to the weight being carried downstream, so that it does 
not fall immediately below a point perj)endicularly beneath the meas- 
uring point, or, sometimes, to the bowing of the line. Both these causes 
make the soundings too great. Errors in soundings with rods are due 
to the rod not being perpendicular, to the water rising on the rod, and 
to the rod sinking in the bed. 

Standard cross-section. — ^For gaging stations on streams whose beds are 
permanent or nearly so, a standard cross-section should be constructed 
from careful soundings. This cross-section should be referred to the 
zero of the gage, so that the depths for any stage can be found by adding 
the gage height to the depth below the zero of the gage. Standard cross- 
sections have three uses: (1) They serve as checks on future soundings; 

(2) they indicate changes which may occur in the bed of the stream; and 

(3) they may be used in determining the area for measurements taken at 
times when it is impossible to make soundings on account of high water 
or other conditions. 

VELOCITY. 

Velocity of flowing water, indicated by F, is generally expressed in 
feet per second, and depends principally upon (1) surface slope of the 
stream, (2) roughness of the bed, and (3) hydraulic radius. 

The surface slope is the fall divided by the distance in which that fall 
takes place, and is represented by s. It depends on the slope of the bed, 
the channel conditions, and the stage. It is greater for a rising than 
for a falling stage. 

The coeflScient of roughness of the bed varies for different streams and 
stages of the water and is expressed by n. 

The hydraulic radius or hydraulic mean depth is the area of the 
cross-section divided by the wetted perimeter. It is usually represented 
by i?, and can be determined for all stages from a single complete 
measurement of permanent cross-section. 

The mean velocity of a stream is the average rate of motion of all the 
filaments of water in the cross-section. It is not a directly measurable 
quantity, being usually found by dividing the total discharge by the area 
of the cross-section at a given stage. Its use is generally limited to 
purposes of comparison. 
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LAWS GOVERNING VELOCITY. 



A systematic study of the flow of streams shows that mean velocity 
is in general a function of the stage and that the distribution of velocity 
through the cross-section follows well-defined laws which i)ertain to all 
streams flowing in open channels and which are in the main independent 
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of the stage (figs. 14, 15, 16). These laws make possible the deter- 
mination of the velocity factor of the discharge measurement by com- 
paratively few properly distributed observations of velocity. Upon them 
also depend the methods for determining the regimen of the stream. 
These laws have been studied both mathematically and graphically 
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by means of vertical velocity-curves (figs. 15 and 16) which show 
graphically the distribution in a vertical line of the horizontal veloci- 
ties of the filaments of water from the surface to the bottom of the 
stream. 

Vertical velocity-curve. — A vertical velocity-curve is determined by 
a series of velocity observations taken at regular intervals in a vertical 
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Fig. 15.— Groups oi Vertical Velocity-Curves, Chenango River at Binffhamton. N. Y. 



from the surface to the bottom of the stream, usually from 0.5 to 1 foot 
apart. The results of these observations, when plotted with the veloc- 
ities as abscissas and the depths as ordinates, define the curve. 

Studies by Humphreys and Abbot ** on the Mississippi, by General 
Ellis* on the Connecticut, and by the United States Geological Survey^ 
on many streams under various conditions of depth, velocity, and 

"Physics and Hydraulics of the Mississippi, 1851, p. 234. 

•Report of the Chief of Engineers, U. 8. Army, 1878, Part I, p. 259. 

•Water-Supply and Irrigation Papers Nos. 95. 109, 187* and othen. 
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roughness of bed, show that these vertical velocity-curves have approx* 
imately the form of the parabola whose axis, coinciding with the filament 
of maximum velocity, is parallel with the surface and is in general 
situated between the surface and one-third of the depth of the water. 
From the maximum the velocity decreases gradually upward to the 
surface and downward nearly to the bottom, where it changes more 
rapidly on account of the friction on the bed. As the depth and velocity 
increase, the curve approaches a vertical line as its limiting position. 

Distribution of velocity in the vertical. — If, as stated above, the veloci- 
ties in a vertical line vary as the ordinates of a parabola, it may be 
shown mathematically that (1) a filament of water which has the 
same velocity as the mean of the velocities in that vertical occurs at a 
point between .5 and .7 of the depth measured from the surface of the 
stream, and (2) that the mean velocity equals the mean of the veloci- 
ties occurring at .2114 and .7886 of the depth. 

The demonstration* of the location of the filament of mean velocity 
is based on the theory of mean values, using the fundamental equation, 



y = ad + d V iia' + b') = ad + d V i — a + a\ 

in which d equals the total depth of water; ad the depth of maximum 
velocity below the surface; 6, the unitary complement of a; y, the 
depth of the thread of mean velocity. 

By assigning values to a between and § d and substituting them 
with simultaneous values of b in the above equation, there results the 
following table, showing the depth of the mean ordinate for parabolic 
curves with various positions of depth to the maximum ordinates. 

Depth of Depth of 

maximum ordinate. mean ordinate. 

When a = y'= 0.5Sd 

a = 0.10 1/ = 0.59d 

a = 0.15 y = O.eOd 

a = 0.20 y = 0.62d 

a = 0.25 y = 0.63d 

a = 0.30 y = 0.65d 

a = 0.33 y --- 0.67d 

The maximum ordinate in streams that are neither very shallow nor 
very deep usually lies at or above one-third depth (see table, pp. 56, 57). 

•Engineering News. Vol. 55, p. 47, and Vol. 75. p. 889. 
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If it lies above one-fourth depth, the ordinate at 0.6 depth is very closely 
the mean ordinate. If the stream is very deep the maximum thread 
lies generally at a greater proportional depth, and the thread of mean 
velocity therefore lies at a greater depth. If a stream is shallow and 
has in addition a rough bed, the frictional effect on the flow is so large 
that the vertical velocity-curve is no longer parabolic near the bottom 
and the thread of mean velocity may be near mid-depth. 

A study of vertical velocity-curves shows that the mean velocity 
in the vertical equals from 85 to 95 per cent of the surface velocity, and 
it also equals one-fourth the sum of the velocity near the surface plus 
twice the velocity at mid-depth plus the velocity near the bottom. 

That these properties generally hold in nature has been proved by 
hundreds of vertical velocity-curves made on a large number of streams 
having a wide range in conditions of depth, character of beds, and 
magnitude of velocity. Pig. 14 shows the form of a number of typical 
vertical velocity-curves and the table on jMiges 66-57 gives a summary 
of results of a large number of vertical velocity-curves. 

A study of these measurements, together with many others which are 
not available for publication, shows the general applicability in nature of 
the foregoing laws upon which depend the common methods of measur- 
ing discharge by floats and current meters. 

MSTHODB OF DETERMINING MEAN VELOCITT IN A VERTICAL. 

In the application of the laws of the distribution of velocity there 
have been developed the following methods of determining mean 
velocity in the vertical: (1) Vertical velocity-curves; (2) .6 depth; 
(3) surface; (4) .2— .8 depth; (5) three-point; (6) integration. 

Measurements of velocity are therefore generally made by one of the 
above-mentioned methods, each of which has its special advantages and 
limitations. Their essential use is to determine the mean horizontal 
velocity in a vertical Une and not features of measurement or compu- 
tation that involve other factors. 

As a discharge measurement contains a large number of velocity 
determinations the error introduced in the result by an individual 
erroneous measurement of velocity is generally inappreciable. 

The application of the methods and the relative accuracy obtained by 
each, as determined by a comparative study of all available vertical 
velocity-curves, are discussed in the following paragraphs: 

Vertical vdodty-cvrve method. — By the vertical velocity-curve method 
measurements of horizontal velocity are usually made just under the 
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surface, at .6 foot below the surface, and at each fifth to each tenth of 
the depth from the surface to the bed of the stream. These measured 
velocities, when plotted, define for each such observation point the 
vertical velocity-curve from which the mean velocity in that vertical is 
determined. 

In computing the mean velocity from vertical velocity-curve measure- 
ments, the velocity observations are plotted on cross-section paper with 
depths as ordinates and velocities as abscissas. A mean curve (fig. 16) 
is drawn through these points and extended to the surface and to the 
bed of the stream. The 
mean velocity is the mean 
abscissa of this curve and 
may be determined in 
three ways as follows: 

(1) Determine the area 
bounded by the curve and 
its axis with the plani- 
meter and divide by the 
depth. 

(2) Divide the area into 
any number of sections of 
equal depth, usually ten, « 
and take the mean of the 
velocities at mid-point of 
each of these sections as 
the mean velocity. 

(3) Divide the area into 
sections of convenient 
depth which will be equal 
except for the bottom 
section, which may have 
an odd depth. Take the 
mean of the middle ordi- 
nates of each section for 
the mean velocity. In 
case the bottom section is 
an odd depth, multiply 
its mean velocity by the 
ratio of its depth to that of the other sections, and add the product to 
the sum of the middle ordinates of the other sections and divide by the 
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number of sections, thus taking into consideration the proportionate 
size of the odd section. 

The advantage of the third method over the second is that it enables 
the selection of sections corresponding in depth to a given number of 
divisions of the cross-section paper on which the curve is plotted. The 
determination of middle velocity is thus rendered much simpler than 
when the sections do not correspond to the divisions of the cross-section 
paper. 

For purposes of study vertical velocity-curves are sometimes plotted 
with per cent of mean velocity as abscissas and corresponding depths 
expressed as percentages of the total depth as ordinates. 

The vertical velocity-curve method is valuable as a basis for com- 
parison of all other methods, for determining coefficients to be used in 
reducing values obtained by other methods to the true value, for use 
under new and unusual conditions of flow, and for measurements under 
ice. The method is not, however, in general use for making observa- 
tions of velocity for routine discharge measurements, because the in- 
creased accuracy thereby obtainable is frequently overbalanced by errors 
arising from changes in stage of the stream during the longer time 
required for the measurement. 

In making observations of velocity for the construction of vertical 
velocity-curves, velocities should also be measured at .2, .6, and .8 
depth, in order that the mean velocity determined by methods in which 
these depths are used can be directly compared with that determined by 
the vertical velocity-curve method. 

Vertical velocity-curves should be constructed for all stations at differ- 
ent stages in order to determine whether coefficients should be applied 
to the results obtained by the other point methods. Such application 
of coefficients should be made, however, only on unquestionable evidence 
furnished by a large number of vertical velocity-curves. The coefficient 
deduced from a single curve is rarely applicable to the entire cross- 
section of the stream. 

The coefficients as determined by vertical velocity-curves for reducing 
the velocity by either of the other jwint methods to mean velocity may 
be plotted with stage as the other ordinate and thus determine a curve 
which may define the coefficient to be used at any stage. 

The .6 depth method, — In practical measurement of stream discharge 
it is necessary to determine the horizontal velocity in a large number of 
verticals. Therefore, a method must be used which requires not more 
than three velocity observations in each vertical. If one point is used 
it is desirable that it be in such position that the use of a coefficient 
is not necessary to determine the mean velocity. The foregoing theory 
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shows that such a point lies approximately at .6 depth of the stream. 
The preceding table shows that the thread of mean velocity lies between 
56 per cent and 73 per cent of the depth, with an average of 61 per cent. 
The error resulting from the use of .6 depth is very small, ranging from 
— 6 per cent to + 4 per cent, with a mean of per cent. Therefore, in 
the . 6 depth method it is assumed that the velocity at .6 depth is the 
mean velocity in the vertical and the meter is held at that point in this 
method. 

Although this method is intended to be used without coefficients it 
may be found by vertical velocity-curve measurements that a coef- 
ficient is necessary in some instances to reduce the observed velocities 
to the mean. The method is applicable over a wide range of condi- 
tions, is easy of execution, and is reasonably accurate for normal flow 
in the straight reaches of all streams except very deep and very shallow 
ones. 

The surface method. — The surface method is used in the measurement 
of velocities of swift streams, especially at times of freshet, when it is 
impracticable to sink the meter much below the surface. Therefore 
the observation of velocity is made at a point near the surface, but far 
enough below to eliminate any disturbance from wind or waves. The 
point of observation in this method should be from .5 foot to 1 foot 
below the surface, its location depending on the depth of the stream. 
The measured velocity must, however, be multiplied by a coefficient to 
reduce it to the mean. This coefficient, as shown in the preceding table, 
varies between 78 and 98 per cent, depending upon the depth of the 
stream and the magnitude of the velocity. For average streams a 
coefficient of about 90 per cent will generally give fairly accurate results. 

The two-point method, — The two-point method is used on streams in 
which the location of the point of mean velocity is uncertain, or when 
greater accuracy is desired than can be obtained by the . 6 depth method. 
As noted in the foregoing theory, the mean of the velocities at .2 and 
.8 depth gives nearly the mean velocity in the vertical. The preceding 
table shows that this theory holds very closely in nature. Therefore 
in this method the meter is held at . 2 and . 8 depth of each vertical. 

Observations of velocity near the surface and near the bottom of the 
stream have in the past been used in the two-point method. Both the 
theory and the tables show that .2 and .8 depth should be used. This 
method is recommended for general stream-gaging. 
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Unless a measurement can be made by the vertical velocity-curve 
method, nothing is gained, as shown by both theory and practice, in 
taking velocity observations at more than two points in the vertical. In 
the three-point method, advocated by some, the meter is held at .2, .6 
and .8 depth and the mean velocity obtained by dividing by 4 the sum 
of the velocities measured at .2 and .8 depth plus 2 times that at .6 
depth. Such combination of the less accurate .6 depth method with the 
more accurate two-point method is not justified, however, as it gives 
results less accurate than those obtained by the two-point method. 

The integration method, — The integration method is used both for 
obtaining the mean velocity in the vertical and also the mean velocity 
in the entire cross-section of the stream. 

In determining the mean velocity in the vertical the meter is moved 
at a uniform speed from the surface of the water to the bed of the stream 
and return, and the revolutions and time are observed. The meter thus 
passes successively through all velocities in that vertical and the result- 
ing observations determine the mean in that vertical. The method is 
valuable for checking other method^, but generally requires the service 
of at least one more man to observe time, as the engineer must be 
occupied with the movements of the meter. It is consequently not so 
commonly used as the point methods. The Price meter is not suited 
to observations by this method, as the vertical motion of the meter 
causes the wheel to revolve. The Haskell and Pteley meters, on the other 
hand, may be moved vertically with little or no effect on the wheel. 

In determining the mean for the entire section the meter is moved 
with uniform speed throughout the section, usually in a zigzag path 
extending from surface to bottom and from side to side of the section. 

CURRENT-METER MEASUREMENTS. 
PBOOEDUBE. 

In making a current-meter measurement the cross-section (PL II, B) 
is divided into partial areas, varying in width from 2 to 20 feet, depend- 
ing on the size of the stream. These partial areas are bounded by 
peri)endiculars terminating at points in the surface known as measuring 
points, because they indicate where the observations of depth and 
velocity are taken. They should be so spaced as to show any irregulari- 
ties either in the cross-section or the velocity. When measurements 
are made at bridge or cable stations, the measuring jwints should be 
permanently marked on the bridge rail or floor, or on the cable, and 
used for successive measurements of discharge. When measurements 
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are made at boat and wading stations the points will be indicated by 
the graduations on a tape or tagged line, which is generally stretched at 
the time of each measurement. 

The procedure in the measurement will vary somewhat, depending 
on the sounding appliance. If the meter and cord are used for sounding, 
observations of depth and velocity will be made at each measuring point 
successively across the stream. If other sounding apparatus is used, 
soundings will be made at all measuring points prior to taking the 
velocities. 

In making velocity observations, one of the methods described on 
pages 65-61 should be used, the method chosen depending upon the 
conditions at the station. Care must be taken to place the center of the 
meter wheel at the points called for by the method. This is best accom- 
plished by measuring the required depth on the meter line with the wheel 
in the surface of the water, and then lowering the meter into i)osition. 
Special attention is called to the requirement, both in sounding and in 
placing the meter in position for observing velocity, that a tagged line 
should not be used for measuring depth. Such distances should be 
determined by means of a tape line, as indicated on page 50. In 
making the observations a stop-watch is desirable but not indispensable. 
In general, time should be noted at the click of the receiver, or at the 
start or finish of the buzz. The time is then observed for a given num- 
ber of revolutions. The number will depend on the velocity and should 
be sufficient to make the time interval at least 30 seconds, as shown on 
the sheet of current meter notes given on pages 66 and 67. This method 
is preferable to observing the number of revolutions for a given time as 
it eliminates the error due to fractional revolutions. With a stop-watch 
time can be observed to half or fifth seconds. 

If the velocity of the current makes other than a right angle with the 
measuring section the deviation from the right angle must be observed 
and a coefficient applied to reduce the velocity to the normal. This 
coefficient can usually be applied to the final completed discharge. If, 
however, the angle varies throughout the cross-section, it is necessary to 
apply appropriate coefficients to the various observed velocities. The 
angle can readily be determined by holding the meter just below the 
surface of the water and placing the notebook perpendicular to the cross- 
section of the stream and drawing a line parallel to the meter. This 
line should be divided into ten arbitrary divisions and projected upon a 
line normal to the gaging section. The length of this projection will be 
the coefficient to be used. 

If the current-meter measurement of discharge is made at a regular 
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gaging station established for obtaining a record of discharge, a certain 
routine should be followed, consisting of the steps indicated below in 
consecutive order. 

1 . Check gage datum if facilities are available. 

2. Set up meter, using precautions described on page 18. 

3. Read the gage. 

4. Make the observations necessary for the measurement of discharge 

by one of the methods described on preceding pages. 

5. Read the gage. (If the stream is fluctuating notably the gage 

should be read frequently and at regular intervals during the 
measurement.) 

6. Check the notes to make certain that all records have been made. 

7. Dismantle and pack meter, using precautions described on page 18. 

8. Be careful to note under *' remarks " changes in stage, backwater, 

wind, and other conditions knowledge of which may be of future 
value. 

9. If possible, see the gage reader and his record, and call his atten- 

tion to any lack of interest or apparent discrepancies in his work. 

Each of the above observations is essential to the reliability of the 
record at a station. On each visit of the engineer the stage of the river 
should also be determined by observing the distance to the surface of 
the water from a reference point, as a check on the gage record. 

Either temporary or permanent changes in channel conditions which 
affect the rating of the station should be noted and recorded in as great 
detail as x)ossible. Such conditions include changes in channel in the 
vicinity of the station, the building of dams below, the formation of 
jams of logs or drift, and the extent, character, and thickness of ice. 
Gage readers should receive written instructions in regard to reports to 
be made concerning such conditions; otherwise they may make no 
record of the time or extent of such changes. 

If the engineer can reach a gaging station in time of flood, he should 
as a rule remain and make measurements of discharge at each foot of 
stage as the river rises or falls. Observation of a single freshet may 
thus enable him, with a minimum expenditure, to rate the station for 
practically all except low stages. 

In addition to the general procedure described above, special pre- 
cautions and methods are necessary in connection with low water and 
wading measurements, high-water measurements, measurements of ice- 
covered streams, and measurements in artificial channels, as described 
on pages 69 to 76. 
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OOMPUTATIONS. 

The computations of current-meter measurements are usually made 
to determine: (a) the total area of cross-section; (6) the mean velocity, 
and (c) the total discharge of the stream. The observed data from 
which these computations are made consist of (a) soundings at known 
intervals across the stream, (6) the velocity determinations in the 
vertical at each sounding point, and (c) the distance between the points 
of measurement (see table, pp. 66 and 67). 

The mean velocity, area, and discharge are computed independently 
for each partial area included between perpendiculars drawn from suc- 
cessive measuring jwints. The total discharge is the sum of the partial 
discharges thus computed. The computation of the partial discharges 
eliminates errors which would arise from the distribution of conditions 
existing in one part of the cross-section to parts in which they do not 
apply. The mean velocity is determined by dividing the total discharge 
by the total area of the cross-section. 

The formulas used in connection with computations of discharge 
may, in general, be classed as rectilinear and curvilinear — depending 
on the assumption that the bed of the stream and the horizontal velocity- 
curve are made up of straight lines or of curves between the measuring 
points. A comparison of the computation of discharge measurements 
by various formulas has been prepared by J. C. Stevens, Member 
Am. Soc. C. E.* In this discussion it is shown that the following 
rectilinear formula gives the most accurate results and is readily used: 

^^i (H^) (H^) +'' (H^) (-^0 + 

^(^--f^) C--^i^O 

In this formula, do, di, c?2 d^ and t?o, t?i, t72 v^ are the 

depths and velocities at the respective measuring points, ao, ai, a^ 

Ont which are spaced at the distances Zi, Zj, Zs K (fig- 

17). The area between the i)erpendiculars drawn from any two suc- 
sessive measuring points is equal to the mean of the depths at such 
points multiplied by the distance between them. Similarly, the mean 
velocity for the area between the two perx)endiculars is equal to the 
mean of the velocities observed at the two perpendiculars. The product 
of this area by its mean velocity gives the discharge for the partial. area 
included between the two perpendiculars. The sum of these partial areas 
and discharges gives the totfil area and total discharge. The tables on 

^ Eiurineerinff News. June 25. 1908. 
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pages 66 and 67 show the field notes and computations for a typical 
current- meter measurement. 

The velocities at the respective observation points, as shown in column 
6, are determined from the current meter rating table, and the mean 
velocity in the verticals is the mean of the velocities taken at the respec- 
tive measuring points. In computing the measurement, it is not usually 
warranted to carry the velocity computations to more than two decimal 
places and the partial areas and discharges to more than one decimal 
place. 



*H— {^-•(if 



4— lx-*j*-ij~^-^--i*— Ir^ 




Fig. 17.— Cross-section of Stream to Illustrate Discharge Measurement Computation. 



LOW-WATER AND WADING MBA8UBEMENTB. 



At low stages of a river when the velocity is small it is advisable to 
find a section near by in which conditions of channel are suitable for a 
discharge measurement and a meter measurement may be made by 
wading (PL V, B) . Low-water measurements should preferably be made 
by the .2-.8 depth method, except where the depth is less than 2 feet, 
when the .6 depth method should be used. Meters hung on rods are 
best adapted for use in measurements by wading. 

In making the measurements a graduated line is stretched across the 
stream to mark the i)oints of measurement. For this purpose a steel 
or metallic tape may be used. If, however, the stream is wide, an oil- 
silk fish line or Barbours Irish flax salmon thread, con veniently« grad- 
uated, is more satisfactory as it offers less resistance to wind. When 
the steel tape is not used special care must be taken to check graduations 
to eliminate the possibility of errors due to stretching or shrinking of 
the line. 

The engineer making velocity observations should stand below the 
graduated line and preferably to one side of the meter, in order not to 
disturb the current of the water flowing past the meter. Three-eighths- 
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Typical current meter notes Boise River, Dowling, Idaho, March ^8^ 1914, 

Ti9!it MS.CCjh.J^.Q.^ 191^ No. of Meas s25. 

, MOL^e Riv^r 9X...D.QW/in^.. , state oi /CfathCL^^ 

Width 2^S.O. AreaJ&?Z Mean Vcl...»5v%5/ Cor. M. G. w 4^.36 

Party A. B./^UrtOa nionh 2, 7^0 

SUff gage, checked with level and iwin^J^OJiSV.€J.BV3././^ 

Chain length checked with steel tape, 12-lb. pull, fonnd ft. 

changed to rr..'. ft. at..rrrrT!.....o'clock. Correct length f t. 



i< 



<< 



K 



II 



corrected on basis of level to L'.ft. at ' .. T ^ Vclock. 



Gage 






Time 



VV • • .YV* MVb m Wu ■ • ■ • • • • ■ • • a 



f 0,00 AM 2:83 



station 

....3.3... 



MQ. 



Meas. htg9Xi8,.AiAfi. ; .^n6.td./0,.j^.:Ai 
Meter No... 55fi .(^>S.>?. A<5.^<S^2... 

Date rated .AM^../.2U^/4^- 

Method of meas. -£i.'r^B..Cf.G/:f.t.h. 

No. meas. sec*s /.&.. Coef..r..T:~ 

Av. width 8ec..../iS. Av. dtpih.s3.'i.s2t.,. 

G. Ht. change (rate per hr.) f..O./. 

..:rr7r...% error by ."rrTr.... rating table. 

, below gage. 




Weighted mean G. Ht. !^uQ.6. ft. 

Correct '* " " 4.f.&6.. ft. 

Meas. from cable, hadagtfr^^tiSf'mw^BBEg, Meas. at 7S.. ft. 

Udmtk at regular section afltdaESttei and conditions Q?.QOCl.... 

Area from soundings (date)..' 

Method of suspension ..ifti/?e. Stay wire../lfa Approx. dist. toW. S...-.5 

Arrangement of weights and meter; top hole.rrr. ; middle \io\t/HS!SS^ bottom ho\ejS!0.. 

Gage inspected, found ^O/jO,, , Cable inspected, found U:.K.f\..\ 

Distance apart of measuring points verified with steel tape and found , — 

"Wmd, jLl^A.i .'ttiM^., downstr., aw a ss t Angle of current aJ.. 

Observer seen and book inspected tSiS. : 

Examine station locality and report any abnormal conditions which might change 
relation of G. Ht. to disch., e. g., change of control; ice or debris on .control ; back- 
water from ; condition of sUtion eqnipment..<!](2^iq!i:^/b^^ 

Sheet No. 1 of i?. sheets. If iaouffioiftnt s paee, ust IjuUl uf ahtcii . 
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Typieal current meter notes Boise Biver, Bowling, Idaho, March fS8f 1914 

{continued). 
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Depth 
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MMa 


math 




InlUal 
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At 

polat 


Men 
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tieal 


Ifewi 
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Ama 


DIflcluuve 
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20.2 


46 


25 


.5 

* 


49.0 
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50 


2.23 
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4-3.5 
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/5 


/28.a 
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3.23 
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3.6 
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52.8 


/OO 


4.22 
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3.6 


2.9 


52.0 


70 


3.00 
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53.2 


w^*^^^j 
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/94.7 
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.7 
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/OO 
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70 
/OO 


3.07 
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3.74 
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80 


34/ 
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66.0 
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inch iron rods, 3 or 4 feet long and having a slit in the top, are con- 
venient for supporting the tape. 

If the water is shallow or accurate determinations of small flows are 
desired, it may be necessary to instal sharp-crested weirs to confine the 
flow to a small channel in which depth and velocity will be measurable. 

When convenient the soundings across the stream may be made 
before the observations of velocity. In making the soundings a thin, 
flat, graduated wooden rod should be used on which the water will not 
pile up, as in low-water measurements sounding errors may be rela- 
tively large. The round rods on the meter are not generally adapted to 
soundings. Measurements can not be made by wading if the product 
of depth times velocity is greater than 8. 

The stage of zero flow should be determined if possible for each gaging 
station. This stage will be the elevation of the lowest point of the con- 
trol section and should generally be determined by a level. Its great 
value arises in determining the position of the lower end of the station 
rating curve for use in estimating discharges for stages below the lowest 
current-meter measurement of discharge. 

HIOH-WATEB MEASUREMENTS. 

Measurements made at high stages generally consist of observations 
of surface velocity only. Areas must be computed from a standard 
section or from soundings made at a lower stage. Under these condi- 
tions extra precautions must be taken to secure data from which a 
reliable estimate of the flow can be made. The great velocity and the 
presence of drift or of cakes of ice may render good meter measurement 
practically impossible. Meter observations 10 to 30 seconds long may, 
however, frequently be obtained when there is considerable drift, but 
great care must be exercised that the meter is not damaged . If a weight 
of more than 30 pounds is required to submerge the meter, a secondary 
line must be used in conjunction with the insulated cable for supporting 
the meter, and a stay line will often greatly assist in holding the meter 
in position. 

When there is much drift it is generally advisable to use the float 
method, the drift serving as floats. Or it may be practicable to 
determine the slope of the river for a considerable distance and compute 
the discharge by means of the slope formula. If a level is not at hand 
marks may be made by which the slope may be determined at some 
future visit. When possible two of these methods may be used and a 
check thus obtained on the work. 

When it is impossible to obtain flood measurements the discharge 
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may be computed as the product of the area and mean velocity, 
determined by extensions of the area and mean velocity curves. In 
such computations the area above the level of the flood plain, if any, 
should include only the section above the ordinary channel or channels 
of the stream, as the mean velocity curve usually applies only to this 
channel and not to the overflow channel. The discharge on the flood 
plain will generally be a comparatively small part of the total flow and 
may usually be estimated with such accuracy that the error introduced 
by it into the total discharge will not be great. 

MEASUREMENTS OF ICE-OOVERED STREAMS. ^ 

The general parabolic law of the distribution of velocity in a cross 
section of a stream with open channel holds also for a stream under ice. 

The table on pages 70 and 71, giving a summary of the results of many 
vertical velocity-curves, shows that there are two points in which the 
thread of mean velocity occurs under ice. These points are at about .1* 
and .71 depth below the bottom of the ice, varying between and .22 
for the upper and .63 and .79 for the lower. It is thus seen that they 
lie very nearly at .2 and .8 of the depth. As seen in the table the .2 
and .8 depth method gives the mean velocity within a small percentage 
of error, and in making measurements under ice this method should 
be used. 

If it is desired to make measurements having a high degree of accuracy, 
or for the purjwse of checking results made by the two-point method, the 
whole measurement may be made by vertical velocity-curves (fig. 18). 

When it is necessary to make observations at mid-depth a coefiicient 
should be determined for reducing the velocity to the mean. If the 
river is not deep enough to get vertical velocity-curves a coefiicient may 
be obtained at a number of stations by comparing the average of the 
velocity at the .2 and .8 depth with that observed at the mid-depth. 
See tables, pages 70 and 71, giving coefiicients to reduce mid-depth 
velocity to mean. 

In measuring an ice-covered stream the procedure is in general the 
same as for a stream with open channel, except that provision must be 
made to eliminate interference due to ice and frost. The equipment 
necessary for making the measurement includes the ordinary current- 
meter outfit, ice chisel, axe, and shovel for cutting away and removing 
the ice, and an ice measuring stick for determining the thickness of 
the ice. 

The meter should be oi)erated on a rod if the depth will permit. If, 

* See Water-Supply Papers Nos. 187 and 337, U. S. Geol. Survey. 
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however, a cable is used, it should be tagged at fok>t intervals, beginning 
at the center of the meter for convenience in sounding and placing the 
meter at the proper depth. 

The most satisfactory ice chisel yet found is the GuifEord Wood, No. 
477. This chisel has a narrow plate made of rather soft steel, so that it 
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Honzontal divisions represent one foot per seoond velocity 
Pig. 18— Distribution of Velocity under Ice Cover, Cannon River. Welch. Minn. 



can be easily sharx)ened with a hand file. The handle is solid steel, has 
a ring in the top, and may be joined, if desired, for convenience in 
carrying. This chisel weighs 14 pounds and is as light as can be satis- 
factorily used. 

The measuring stick should be made of 1 by 1-inch material, graduated 
to tenths of a foot, and with a 3-inch angle fastened to the zero end. In 
use this angle is brought against the under surface of the ice and the 
thickness read at the top surface on the graduated stick. 
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The accuracy of discharge measurements depends largely on the com- 
fort of the engineer while making the measurement, therefore he should 
give careful attention to his clothing. 

Winter-measurement observations are taken by one of the following 
methods or by a combination of them : 

1. From a bridge or cable, when the stream is clear or not frozen 
hard enough to support the observer. 

2. Through holes cut in the ice. 

3. By wading in a section from which the ice has been cleared. 
Measurements from a cable or bridge in a section without ice cover 

are made in the same manner as open-water measurements, except that 
the meter should not be taken from the water unless absolutely necessary 
until the measurement is completed. The soundings can be taken by 
lowering the weight until it touches the bottom and then raising it until 
the head of the meter is just under the surface of the water, adding to 
this depth the distance from the top of the meter to the bottom of the 
weight. If it is necessary to remove the meter temporarily from the 
water, on its return it should be permitted to run for a period before the 
revolutions are recorded, as the warmer river water will tend to thaw 
out any slight congealing in the meter. If the meter is out of the water 
until it becomes practically rigid it should be thawed and thoroughly 
dried near a fire, care being taken that it does not become so hot as to 
melt the rubber connections or the solder on the cups. 

The first operation in measurements under ice cover is the cutting 
of the holes through the ice. The holes should be sx)aced 5 to 10 
feet apart, the interval depending on the width of the stream. On 
very small streams, where measurements of velocities are desired at 
many points close together, an entire section may be cut out, thus 
preventing the greater part of the vertical pulsations of the water. 
The position of the holes need not be accurately determined before 
cutting; they should, however, be placed in a straight line and as near 
as possible at right angles with the current. Round or oblong holes 
are easier to cut than square holes, and the larger diameter should 
be parallel to the current. They should be Jarge enough to permit 
the meter to be easily raised and lowered. A shovel will be found 
almost essential in clearing away enow from the ice in the vicinity of 
the holes and removing the chopped ice from the holes. The first 
3 or 4 inches of the ice can be cut more quickly with a sharp ax than 
with the ice chisel, but with the chisel an ax is not necessary. The ice 
should be cut only at the circumference of the circle, as large cakes can 
be taken out with less shoveling than the small ones that are made 



74 RIVER DISCHARGE. 

when the entire cross-section of the hole is chopped. Care should also 
be taken not to cut through the ice into the water until a few rapid 
blows of the chisel will clear the entire section. By working carefully 
holes can be chopped through ice 1 to 3 feet thick with very little 
splash; if, however, water is standing or flowing on the ice to depths 
of 1 or 2 inches it is almost impossible to chop holes without getting wet. 

As a rule it is advisable to chop one hole through the ice in the 
center of the section in order to detect the presence of frazil or 
floating anchor ice. If the hole so cut can not be kept clear from the 
finer particles of frazil, the measurement will probably give inaccurate 
results, and the engineer should endeavor to find a better section. 

When the holes are cut and cleared of the chopped ice the distances 
between them should be measured with a steel tape and recorded in 
the notebook, leaving suflScient space between the recorded measure- 
ments for the record of velocities in the vertical. As the winter flow 
is likely to be fairly Uniform, the soundings may be taken independ- 
ently from the measurements of velocity. The gage height to the 
water surface should then be read and the soundings taken either 
with the rod or with the weight and cable. At each hole should be 
recorded (a) the thickness of the ice, (b) the distance from under 
surface of ice to water surface, and (c) the total depth of the water. 
From these data can be computed the depth at which the meter must be 
placed in each hole in order that it may be at the 0.2, 0.8, or 0.5 posi- 
tion beneath the ice. Thus — 

0.2 depth=«(c— b) X 0.2+b 
0.5 depth =(c—b) X 0.5+b 
0.8 depth He— b) X 0.8+b 

The notation and a form for recording the data are illustrated in 
figure 19. 

The information collected regarding the total thickness of the ice 
need not enter into the measurement. 

When holes are cut through the ice a vertical pulsation, which may 
amount to nearly half a foot, is often noticed in the water. In measur- 
ing the depth of the water, care should be taken to determine the mean. 
If the depths beneath the ice are greater than 2.5 feet, the measurement 
should be made by the 0.2 and 0.8 point method; for depths between 
1.5 feet and 2.5 feet velocities should be observed at 0.2 and 0.8 and 
0.5 depth; for depths less than about 1.5 feet the mid-depth method 
should be used. 
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OBSERVATIONS 



The depths at all measuring points should be measured and the 
depths at which the meter is to be placed computed before the meter is 
assembled. 

The meter should be so held in the hole that the head is as far 
upstream as possible to avoid the effect of the vertical pulsations. If 

a rod is used, the 
meter can be kept 
in position by hold- 
ing the rod against 
the upstream side 
of the hole; if a 
cable, the meter can 
be held at one posi- 
tion more easily by 
standing on the 
cable than by hold- 
ing it in the hand. 
The number of rev- 
olutions and the 
time are recorded as 
in open- water meas- 
urements. After 
the complete data 
for each observation 
have been recorded 
while the meter is 
still in the water, 
the meter can be 
carried quickly to 
the next hole and 
the observations 
continued. In this 
way, if no frazil is 
present, the entire 
measurement may be completed without having the meter in the air 
long enough for the water on it to congeal. 

The section for winter measurements should preferably be chosen 
during the open season to insure favorable conditions. If the presence 
of frazil or of floating anchor ice at a section affects more than 10 per 
cent of the total cross-section, the measurements should, if possible, be 
made at another section where such conditions do not exist. Sections 
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Fio. 19.— Diagram showing factors used in making discharge measure- 
ments and new form proposed. 
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at rapids, where the velocities are high enough to carry the ice aWay 
quickly, may be most satisfactory, even if the other conditions are not 
so desirable, and the measurements made at them will be more accurate 
than those made at a section which is partly clogged with frazil. 

MEASUREMENTS IN ARTIFICIAL CHANNELS. 

Flow in artificial channels should be studied with especial care on 
account of the disturbances resulting from the operation of gates and 
water wheels in power canals and of checks, intakes, and outlets in 
irrigation canals. 

In an irrigation canal the effect of such disturbance usually appears 
in the control section as a change which destroys the relation of gage 
height to discharge. Though the conditions may remain satisfactory 
for making current-meter measurements, estimates of discharge can not 
usually be made from records of stage and a rating curve. 

Changes similar to those in irrigation canals occur also in headraces 
of power canals. In tailraces the relation of stage to discharge will 
probably be reasonably permanent, but conditions for measurements of 
discharge are unsatisfactory, as the distribution of the velocity in the 
cross-section of the channel is usually not normal and is likely to change 
with considerable rapidity. Furthermore, the agitation of the water 
may interfere with the proper action of the meter or other measuring 
device. Special studies should therefore be made of the conditions 
existing in each artificial channel to be gaged, and special arrangements 
of instruments or of channels may be necessary in order to get satisfac- 
tory measurements of discharge, particularly measurements in connection 
with tests of water wheels in place. 

FLOAT MEASUREMENTS. ' 

The determination of the discharge of a stream by the float method^ 
is comparatively simple and easy, as no delicate instrument is necessary 
for measuring velocity. The results, however, will not generally be so 
accurate as those obtained by the current meter. 

The first step in making a float measurement is to select and measure 
the ** run '' over which the floats are to pass. This run should be 50 
to 600 feet long, should be located in a stretch of the streatii having a 
straight and uniform channel, and its ends should be definitely marked 
on one or both banks by range poles or signals or by tagged lines across 
the stream. 

Floats are placed in the stream above the upper end of the run and 
allowed to pass over the run, the time in seconds required for their 
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I)a88age being noted. The quotient obtained by dividing the length of 
the run in feet by the time of passage in seconds is the velocity in feet 
I)er second of that part of the stream traversed by the float. A stop- 
watch is necessary for the satisfactory determination of the time required 
by the floats to pass over the course. 

The type of float used will depend upon local conditions of channel 
and current. Tube floats are generally limited in use to artificial 
channels. Subsurface floats are but little used and only in deep 
streams. Surface floats are adapted for general use under all conditions. 

In an ordinary discharge measurement by this method a number of 
velocity determinations are made at varying distances from the shore, 
and the mean of the velocities thus obtained, reduced by a coefficient, 
is taken as the mean velocity for the cross-section. The magnitude of 
the coefficient will vary between .85 and .96, the variation depending 
on the stage and character of the stream. 

In more accurate work the distance of the float from the bank will 
be noted and the mean velocity of the whole section can be determined 
by plotting the mean position of each float, as indicated by its average 
distance from the bank, as an ordinate, and the corresponding time of 
the run as an abscissa. A curve through the points so located shows 
the mean time of run at any point across the stream. Velocities for 
each partial area of cross-section are scaled from this curve, reduced to 
feet per second, and multiplied each by its area to determine partial 
discharge. The sum of the partial discharges is the total discharge. 
The coefficient for reducing surface velocity to mean velocity may be 
applied either to each determination of velocity or to the computed 
discharge. 

The area used in float measurements is the effective area of the section 
of the river over which the runs are made and is determined by averaging 
the areas of cross-section of the stream measured at the ends and at 
intermediate points. 

SLOPE MEASUREMENTS. 

The mean velocity_of a stream has been expressed in the Chezy 
formula as 7= c l/JKs, in which c is the coefficient combining the total 
effects of roughness of the bed and all other conditions which may 
affect the velocity, except the slope and hydraulic radius. This formula 
has long served as a nucleus about which slope data have been collected, 
and has been used as a basis for work by Kutter,*who developed the fol- 
lowing expression for the value of the coefficient c in terms of 8, 12, and n. 

^See " The flow of water in rivers and other channels *' by (iauguillet and Kutter. 
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In measurements of discharge by the slope method it is necessary to 
determine (1) the mean area of cross -section, (2) the slope of the surface 
of the stream, and (3) data in regard to the roughness of the bed, from 
which to estimate the proper value of n. 

In making a measurement by this method a straight channel, 20Q to 
1000 feet long, must first be selected and measured for the course or 
'' run.'' In this course the sloi)e and cross-section should be reasonably 
uniform and the conditions of bed and banks should also preferably be 
permanent. The slope must be sufiiciently large to be measured without 
a large percentage of error. The effective area of cross-section through- 
out the run is obtained as the mean of the cross-sections of its ends and 
intermediate points. The determinations of these cross-sections may be 
made once for all at a low stage of the stream, if the bed and banks are 
permanent, or as often as may be necessary for good work if the condi- 
tions are changing. 

The slox)e of the surface of the stream is obtained by simultaneous 
readings of gages placed at the ends of the run, and as it is the important 
factor in this method, the iX)8ition of the gages by which it is to be 
measured should receive careful consideration. Theoretically the gages 
should be set in the current of the stream, which may, at high stages, 
be several tenths of a foot higher than water in the same cross-section 
near the banks. Such location of gages in the current is impossible 
unless bridges are available to which gages may be attached, and in this 
case the effect of bridge piers may be sufiicient to vitiate the observations. 
Gages attached directly to bridge piers are not suitable for measurements 
of slope because of the disturbance of the water around the pier. In 
locating gages on the banks the exposure should be the same for all 
gages to be utilized in conjunction for the determination of slope; 
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. otherwise the piling of watei* against one bank or its recession from 
.'another may incorrectly indicate the slopes. 

^' ' At*lea8t two and preferably three gages should be placed in position 

• •« * . 

vat.tfie ends (and in the center if three gages are used) of the course in 
. which the slope is to be measured. The datum of each gage must then 
be accurately referenced by means of a permanent and easily accessible 
bench mark, and all gages must be connected by levels. As the gages 
should be read to hundredths, the effect of wave action should be 
eliminated by the use of some form of stilling box. 

The accuracy of the estimates will depend largely on proper placing 
of the gages, precision in the gage readings, and care in setting the gages 
to read from the same datum. If the course is not designed for con- 
tinuous use for slope measurements, reference points from which the 
elevation of the water may be determined by a single vertical measure- 
ment may be used instead of gages. 

In collecting data for determining the value of n it should be borne in 
mind that this factor includes not only the effect of roughness of bed 
but »\bo that of all obstructions that may retard the water. In general 
n is larger for the overflow part or parts of the stream than for the 
channel proper; hence these parts should be treated separately in com- 
puting the discharge. For the higher stages of the stream n for the 
channel proper generally decreases as the stage increases. The engineer 
must rely largely on judgment and experience in this matter. 

The following table gives the ranges of value of n for various types 
of channels, both natural and artificial . The values for artificial channels 
are taken from the results of investigations by the Office of Experiment 
Stations, Department of Agriculture, and by the United States Recla- 
mation Service, and are based on actual conditions of canals in operation. 
In general, much lower values are found for artificial channels when 
first constructed than for the same channels after they have been in 
operation for some time. The values apply for sections on tangents and 
should be increased if used for curves. 

Values of n in KuUer^s formtda. 
Character of channel. Value of *'n,** 

Artificial channels. 

Cement, surfaced .012 to .015 

Cement, rough .015 to .018 

Wood, surfaced .011 to .015 

Wood, rough .015 to .020 
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Earth, smooth .017 to .025 

Earth, rough .025 to .030 

CJobble .030 to .035 

Vegetation .035 to .050 
Natural channels 

Smooth, sandy, and fine gravel beds .020 to .025 

Rough beds . .030 to .035 

Overflow banks with vegetation .040 to .055 

For simplicity in computation, tables giving the values of V and c 
for various conditions have been published. Among these is Table XV, 
page 203. Diagrams (PL VII) are also used to advantage in this con- 
nection. 

The slope method is commonly used for estimating flood discharge, 
often after the crest of the flood wave has passed and when the only 
data available are the slope and the area of cross-section, as determined 
from marks along the banks, and a knowledge of the general conditions. 
Another important present use of Kutter's formula is in the design of 
canals, for which the slope must be determined in order that the channel 
may carry a certain quantity of water at a given velocity. 

The results obtained by this method are in general only approxi- 
mate, owing to the difliculty in obtaining accurate measurements of 
slope and the other necessary data and the uncertainty of the value of 
n to be used in Kutter's formula. 

OBSERVATIONS OF STAGE. 

In the collection of records of daily stage of a stream for use with 
discharge measurements to obtain daily flow, care must be taken to 
eliminate errors due to the following causes: 

1. Change in gage datum. 

2. Lack of refinement in gage readings. 

3. Inaccuracies of observation by the gage observer. 

4. Ihsufficient readings to give the true daily mean. 

The permanence of the original installation of the gage will largely 
determine the errors due to change in datum. If the gage is properly 
installed and the gage datum is frequently checked by a level errors 
from this cause should seldom occur. They are, however, cumulative 
and therefore specially serious. The importance of the maintenance 
of gage datum and the precautions in connection therewith have been 
fully discussed on pages 23 to 36. 
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Procedure. 



Locate point where radial line n= .026 
cuts slope curve s= .00015; join this' point 
with point on hydraulic radius scale R = 4.5. 
This line cuts the vertical scale of coefficients 
in c = 75. 



Locate point n= .026. «= .00015; join 
this point with c =- 75. Tne prolongation of 
this hne cuts hydraulic radius scale mR= 4.5. 



Join R= 4.5 with c= 75; prolong this 
line to cut radial line n = .026. This inter- 
section falls on slope curve s = .00015. 



Join jRaa 4.5 with c= 75; prolong this 
line to cut slope curve s = .00015. This in- 
tersection falls on radial line n=: .026. 



Find, as in Ex. 1, c = 75; draw line join- 
ing R = 4.5 with s = .00015 on vertical slope 
scale. A line through c = 75 parallel to this 
one cuts velocity scale in F= 1.95. 



Join R = 4.5 with s = .00015 on vertical 
slope scale. A line through F = 1.95 parallel 
to this one cuts scale of coefficients in c = 75. 
As in Ex. 4, find n = .026. 



Assume R = say, 5; with R— 5, find, as 
in Ex. 5, F= 2.10— showing that assumed 
R is too large; try R= 4, and interpolate. 
That value of R which makes F = 1.95 is the 
true value. 



Assume s = say, .001; with s = .001, find, 
as in Ex. 5, V = 5.0— showing that assumed 
sis too large. Trys= .0001, and interpolate. 
That value of s which makes V= 1.95 is the 
true value. 
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The refinement to which the gage must be read will depend on the 
sensitiveness of the station. For ordinary stations, equipped with staff 
gages, readings to the nearest quarter tenth are usually suflBciently accu- 
rate and can be readily obtained by the average observer; for canals and 
small streams it may be necessary to read to hundredths; for large 
streams, readings to half tenths or tenths may be suflBciently close. 
Errors due to refinement of readings are generally compensating, but 
they may be cumulative for considerable periods when the stage is 
constant. The refinement to which gage heights must be read and used 
for determining daily discharge depends on the station rating curve and 
is discussed on pages 104 to 107. 

Errors due to inaccuracies of observation by the gage reader may be 
either compensating or cumulative. They will depend on the honesty 
and intelligence of the available gage reader and can be guarded against 
only by careful instructions and close inspection. In many localities it 
is necessary to install automatic gages on account of the incompetence 
of available observers. When the automatic gage is used special care 
must be taken in placing the record sheet, as any errors in setting will 
introduce cumulative errors in the discharge. 

The number of observations to be taken daily in order to obtain the 
true mean daily gage height will depend on the characteristics of the 
stream and should be determined for each gage station by a series of 
hourly gage readings, taken at various times throughout the year, as 
the errors due to this cause may enter only at certain seasons. Errors 
of this kind will usually be cumulative although under some conditions 
they may be compensating. For streams whose flow is regulated either 
naturally or artificially the mean daily stage can be obtained only by 
an automatic gage; for unregulated streams two gage readings a day 
will, as a rule, give the mean stage with sufl&cient accuracy except 
during flood periods, when additional readings should be taken. 

The accuracy of the gage readings will depend largely on the type and 
character of the gage. All direct-reading gages should be plainly gradu- 
ated, either to tenths, half tenths, or hundredths, the graduation depend- 
ing on the refinement to which the gage is to be read, and they should 
be so placed that they are easily accessible to the observer. 



CHAPTER IV. 

WEIR STATIONS. 

In a broad sense a weir is any artificial structure placed in a stream 
for the purpose of raising the surface of the water. A weir for measuring 
discharge must have a well-defined form and a reasonably level crest of 
permanent shape and elevation, and must not allow a large percentage 
of the water to pass through, beneath, or around it. 

Weirs may be used for measuring the quantity of water in streams 
because water flows over them in accordance with known, definite laws. 
They become available for such measurement by the use of formulas in 
which the quantity of discharge is expressed in terms of the dimensions 
of the weir and the head of water on its crest, and by coefficients 
which have been determined by experiments. 

Weirs may be divided into two classes — (1) sharp-crested, or standard 
weirs, and (2) broad-crested weirs or dams, the distinction depending 
on whether the water in passing over them comes in contact with the 
crest on a line or a surface. Either of these two classes may be sub- 
merged or may have a free overfall — that is, the elevation of the water 
on the downstream side of the weir may be above or below its crest. 
Weirs of either o.' these classes may be vertical or inclined. Usually 
measurements of flow are made only at vertical weirs having a free 
overfall, and the following discussion is limited to that class. 

In considering the establishment of a weir station, choice must gener- 
ally be made between a velocity-area station, the use of an existing dam, 
or the construction of a sharp-crested weir to be used exclusively for 
obtaining a record of flow. The choice between these types of stations 
will be governed largely by conditions relating to the cost and accuracy 
of the records. 

SHARP-CRESTED WEIRS. 

Sharp-crested weirs used under heads of not to exceed 5 feet offer 
the best facilities known for determining the flow of streams whose 
discharges are too great to be weighed or measured in a calibrated tank. 

82 
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The coefficients for use in formulas for such weirs h&ve beea carefully 
determined for heads under 5 feet, and have a small range in value. 

The use of sharp-crested weirs is generally limited by their cost to 
comparatively smalt streams or to streams of which very accurate 
records of flow are desired. They are most commonly employed to 
divide water among several users, especially for irrigation, and the 
principal requisite for their location is a site at which the weir can be 
economically constructed so that there will be no percolation or leakage. 



Fio. 20.— CiDpoletti Weir, wjtli Wat 



Sharp-crested weirs may be either rectangular or trapezoidal in form 
and must have a crest of such dimensions and height that the water 
will have free fall over it with provision for the admission of air under 
the overfalling water. 

As commonly arranged, the weir projects sharply from both sides 
and the bottom into the channel conducting the water, thus making 
the dimensions of the cross-aection over the weir less than those of the 
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channel of approach. This reduction in the cross-section of the channel 
causes a contraction of the water at the bottom and the ends as it passes 
over the weir. If both end and bottom contractions exist the weir is 
called a contracted weir. This contraction may be prevented by arrang- 
ing the channel of approach so that the water is guided both on the bot- 
tom and ends directly to the crest of the weir, making what is called 
a suppressed weir. In many weirs the end contractions only are sup- 
pressed, when the weirs are said to be partially contracted. 

End contractions cause a virtual decrease in the length of crest of the 
weir. For rectangular weirs this effect is provided for in the formulas. 
The Cippoletti weir (fig. 20), which is the most common form of 
trapezoidal weir, is constructed with the outward slope of each end 1 
horizontal to 4 vertical. This causes an increase in efifective length as 
the head increases, thus very nearly compensating for end contraction. 

In sharp-crested weirs the channel of approach, fore bay, hydrant, 
or stilling box from which the water flows over the weir must either be 
sufficiently large to eliminate velocity of approach to the weir, or a cor- 
rection must be made for such effect in the computations. The struc- 
ture will therefore vary in size and arrangement for the accommodation 
of different quantities of water. 

BROAD-CRESTED WEIRS.« 

Weir stations on large streams will usually be located at existing dams 
which are constructed for purposes of power or navigation, and selec- 
tion must be made between several available dams or between a dam 
and a velocity-area station. In either case the advantages and dis- 
advantages of each locality must be carefully considered, as the value of 
the resulting record of discharge will depend largely upon the possibili- 
ties of the station. As compared with velocity-area stations dams may 
have the advantage of continuity of record through the period of ice 
but the disadvantage of uncertainty of coefficients to be used in the 
weir formulas and complications due to diversion and use of water. 

In investigating the availability of a dam for gaging purposes, obser- 
vations must be made concerning certain conditions which are necessary 
to insure good records. These conditions may be divided into two 
classes — (1) those relating to the physical characteristics of the dam 
itself, and (2) those relating to the diversion and use of water around and 
through the dam. 

'StatioDB at broad-crested weirs are fully discussed in U. S. Geol. Survey Water-Supply Papers 
No0. 200 and 180. 
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The physical requirements Jose.iusi follows: (a) Height of dam such 
that backwater will not interfere with free fall over it; (b) absence of 
leaks of appreciable magnitude; (c) topography or abutments which 
confine the flow over the dam at high stages; (d) level crests which are 
kept free from obstructions caused by floating logs or ice; (e) crests of 
a type for which the coefiicients to be used in Q » dH^ or some 
similar standard weir formula are known; (/) either /uo flash boards or 
exceptional care in reducing leakage throu^ them and in recording 
their condition. 

Preferably there should be no diversion of water through or around 
the dam. Generally, however, part or all of the water is diverted for 
uses of power or navigation. Such water must be measured and added 
to that passing over the dam. To insure accuracy in estimates the 
water diverted must be reasonably constants in quantity, and so utilized 
that it can be measured either by :a ,weir, a qurreQt meter, or through a 
simple system of water wheels which are of standard make or have been 
rated as water meters under working, conditions and so installed that 
the gate openings, heads under which the^work, and their angular 
velocities may l)e accurately observed., , 

The combination of physical conditions and uses of the water should be 
such that the estimates of flow will not involve, foT a critical stage of 
considerable duration, the use of a >head on Sk broad-crested dam of 
less than 6 inches. Moreover, when all other conditions are good, 
a careful observer is still essential in order to obtain reliable results. 

The field work for the establishment of a station at a dam must be 
sufficient to provide for obtaining the records of gage height, and must 
also include the surveyB and the collection of information which will 
make possible the correct interpretation and application of these records 
in the computation of discharge. It must consist, therefore, of the 
establishment of a gage for determining the head on the dam, and, if 
water is diverted through a head race and used through wheels or wasted 
through gates or over weirs, the establishment of sufficient other gages 
for determining the effective head on such turbines, gates, or weirs. 
Provision must be made for the systematic reading of these gages as 
well as for recording the conditions of wheel-gate openings, speed of 
wheels, elevations of crests of adjustable waste weirs, openings of waste 
gates, and elevation and conditions of flash boards. The g^ges must 
each be referenced by a convenient bench mark and all connected by a 
line of levels. An instrumental survey of the dam must be made to 
determine the length, profile, and cross-section of the crest. Cross- 
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jsections of the channel of approach to the dam should also be measured 
in order to estimate the velocity of approach. Usually special forms i6t 
records and computations must be prepared for each such station, 

WEIR FORMULAS • 

The discharge over a weir is the product of the area of eflfective cross- 
section of the vein of water passing over it, the mean velocity in this 
area, and a coefficient determined experimentally , which varies with the 
form of the weir. The area of cross-section is determined approximately 
by the length of the crest and the head or the depth of water on it. The 
velocity is determined approximately by the head. These two quanti- 
ties, length of crest and head, together with the coefficient, are therefore 
factors entering all weir formulas. They must, however, be modified 
for differences in forms of weirs, conditions of contraction, and velocity 
of approach. 

The effects of end contraction and velocity of approach are allowed 
for in the formula by modifying the length of the crest and head respect- 
ively, or in the coefficient. The coefficient to be used in any instance 
must have been determined for that particular formula. 

FUNDAMENTAL FORMULAS. 

The fundamental formula for rectangular weirs may be derived by 
the calculus as follows: 



dy 



y 



1/2^ Uy^id \/2^H\ 



(1) 



I 



in which I represents the length of the weir; -ff, the head of water on the 
weir; y, the head on any horizontal strip of differential width, dy; g, the 
acceleration of gravity; and c, coefficient that must be determined 
experimentally and that varies with different conditions of crest, channel 
of approach, etc. In the integral expression, V2gy is the theoretical 
velocity of the water in the strip whose area is Idy. The integration 
between the limits and H of the products of the infinitesimal areas 
by the velocities through them gives the total discharge, Q. 
Modifications are made necessary, as previously explained, by reason 



'See Hydraulics, by Hamilton Smith, jr. 



represented by h, and equals — . Such velocity of approach may be 
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of velocity of approach, variations in contraction of the water as ft 
passes the weir, or variations in form of weir. If the end contraction 
is perfect, it causes at each end of the weir a shortening of the effective 
length by approximately .1 H, 

If allowance is made for such end contraction, formula (1) becomes 

Q=lc{l- ,2H) }/2^m (2) 

The same results are also accomplished in a different way by modify- 
ing properly the coeflBcients used in formula (1). 

The velocity of approach " V " causes a virtual increase in head. The 
magnitude of such increase is the head corresponding to that velocity, is 

2g 

obtained approximately aff the quotient by dividing the discharge by 
the area of cross-section of the channel of approach. The result so 
obtained should, however, be multiplied by a coefficient greater than 
unity (usually assumed to be between 1 and 1.5). Since the amount 
of the discharge is the quantity to be determined, the approximate 
value of V must be found from an approximate determination of Q by 
an application of the weir formula, neglecting the velocity of approach. 
The correction for velocity of approach may be effected by adding h 
directly to the measured head in formula (1)> as follows: 

Q^idi'2^iH+h)i (3) 

or the correction may be applied before integration as follows: 

Q^cJ y 2g (y -f h) Idy = ^ cl V2g[(H + A)*- At"! (4) 

Formulas (3) and (4) are both in common use. 

The formulas already explained— (1), (2), (3) and (4) — serve as bases 
for the formulas of all free overfall rectangular weirs, whether sharp 
or broad-crested. Values of c have been determined for use in each 
of these formulas for various types of weirs. Many sets of coeffi- 
cients are therefore available, but each is applicable only to its formula. 

RECTANGULAR WEIRS. 

The formulas shown above, or slight modifications of them, are in 
general use for rectangular weirs. Of the modifications in common 
use, the Francis formida (5) is the simplest in form and appHcation. 
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Francis detennined that for a suppressed weir, without velocity of 
approach, c had an average value of 0.62. The product of the three 
constants of formula (1), 0.62, |, and |/2g » 3.33, thus making 

Q = 3.33 IHi (5) 

The discharge per foot of length as determined by this formula is 
given in Table II, pages 190, 191. 

When modified to allow for end contractions and velocity of approach, 
formula (5) becomes 

Q = 3.33 (I- .2H) l(H + A)l - Al] (6) 

If there is no velocity of approach formula (6) becomes 

Q = 3.33(Z-.2ff)ffJ (7) 

Table I, pages 188, 189, shows the discharge determined by formula (7). 

In the use of formulas (5), (6), and (7), the dimensions must always be 
expressed in feet, because that unit has been introduced in the value of 
Sf which appears in the coefficient. 

Other formulas in common use were devised by Bazin, among which 
is the following, which gives the discharges for a sharp-crested weir 
without end contractions: 



Q «(o.405 4.-<^) (l ^ 0.65-^^f!^) IH Vm 



(8) 



in which H « observed head in feet; p =» height of weir in feet; I =» 
length of crest in feet; Q » discharge in second-feet. 
'^ Table IV, pages 194-196, shows the discharge as computed from 
formula (8). 

TRAPEZOIDAL WEIR. 

I 

The trapezoidal weir is unimportant, except the Cippoletti weir 
(fig. 20), in which the outward slope of the ends (p. 83) counteracts 
the decrease in length due to end contractions. Ordinary formulas for 
suppressed weirs are therefore approximately applicable to it. Table 
II may be used for the Cippoletti weir with an error of about 1 per cent, 
giving results too small by that amount. Special determinations of 
coefficients for this weir have, however, been made and the resulting 
formula for discharge without velocity of approach is 

Q = 3,35 IHi (9) 
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BROAD-CRESTED WEIBS. 



Coefficients for several types of broad-crested weirs have been deter- 
mined by Bazin^ in France, and under the direction of Prof. Gardner S. 
WiUiams at the Cornell University Testing Laboratory, for the United 
States Deep Waterways, Commission, by Mr. John R. Freeman and by 
members of the United States Geological Survey. The results of all 
of these experiments have been brought together by Mr. R. E. Horton 
in Water-Supply Paper No. 200, United States Geological Survey. 

In ilKls paper it is shown that within certain limits of head the 
discharge over several types of broad-crested weirs may be found by the 
use of formula. 

Q = 2.64ijyf. (10) 

This formula is applicable to broad-crested weirs of any width of cross- 
section exceeding 2 feet within such limit of head that the nappe does 
not adhere to the downstream face of the weir for low heads nor tend to 
become detached from the crest with greater heads. If the latter con- 
dition exists, the coefficient increases to a limit near the value which 
appUes for a thin-edged weir, a point being finally reached where the 
nappe breaks entirely free from the broad crest and discharges in the 
same manner as for a thin-edged weir. Formula (10) may be applied 
safely to any weir having a crest width exceeding 2 feet and with heads 
from 0.5 foot to 1.6 or 2 times the breadth of weir crest. Table III, 
pages 192-193, shows the discharge as determined by this formula. 

From the exi)eriments mentioned above Mr. E. C. Murphy has 
develoi)ed multipliers to be used in connection with Bazin's formula 
for discharge over a sharp-crested weir to find the discharge over a 
broad-crested weir. Tables V, VI, and VII, pages 197-199 and fig. 39 
show these multipliers and the forms of weirs to which they pertain. 
These tables are to be used in connection with Table IV, which has 
been made the basis in their computation. 

COMPUTATIONS. 

In the computation of discharge over a weir, whether sharp or broad- 
crested, a rating table is first prepared which gives the discharge for the 
various heads occurring during the period of observation. This rating 
table is computed by substituting values of head, dimensions of weir, 
and coefficients depending upon the type of weir under consideration 
in the formula applicable to such weir. 
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Many dams, unless built of solid masonry, have irregular crests due 
to unequal settlement. Such a dam must be divided into parts, each 
of which has a uniform elevation of crest, the formula applied to each 
part independently, and the results combined to form the rating table. 

If any fixed condition of flash boards or other modification of the 
crest of the dam exists for a considerable period of time, a similar rating 
table should be made also for such condition. In the same wsiy it will 
be found to be economical to compute rating tables for any fixed waste 
weirs in the head-race and for the usual condition of waste gates, wheel 
gates, etc., which are sufficiently constant to warrant such compu- 
tations. 

With rating tables at hand as above described, the computations of 
daily discharge are made by entering each rating table for the partial 
discharge through or over the structure for which that table has been 
made. The partial discharges so obtained are summed to give the 
total rate of flow. Discharges at stages and for conditioris which are not 
covered by the rating tables must be computed independently. 

Th^e rating tables are as a rule instrumental in saving time in the 
computations, but their principal value arises from the fact that errors 
are much less likely to appear in the results than if each discharge is 
computed independently from a formula. For the same reason tables 
are more satisfactory than diagrams. 



CHAPTER V. 

DISCUSSION AND USE OF DATA. 
CJOMPUTATION OF DAILY FLOW. 

Certain analyses and computations must precede full use of field data 
in regard to stream flow. The first step in such analyses is the determi- 
nation of the daily flow, which is computed in terms of second-feet and 
it the basis for all future deductions and discussions. 

The daily discharge of a stream may be computed in various ways, 
the method to be chosen depending on the method used in making the 
discharge measurements — whether by weir or by the velocity-area 
method. Computations for weir stations are described in Chapter IV. 

The base data necessary for the computation of daily flow for velocity- 
area stations are: 

(1) The results of occasional discharge measurements, 

(2) Records of gage height, and 

(3) Descriptions of conditions at the gaging station. 

The methods adopted depend on the control section (see pages 45 and 
46) — whether i)ermanent, shifting, or affected by ice as described on the 
following pages. 

GAGING STATIONS WITH PEBHANENT OONTROL. 

For stations on streams with permanent beds it is i)ossible to prepare, 
from the data collected, station rating tables, each of which gives for its 
station the discharge which corresponds to any stage of the stream, and 
which, when applied to the daily gage heights, gives the daily discharge. 
The basis for a station rating table is a rating curve which shows graphi- 
cally the discharge corresponding to any stage of the stream and is 
usually constructed by plotting the results of the various discharge 
measurements with gage heights as ordinates and discharges as abscissas. 
These i)oints define the ciirve, which is then drawn by use of French 
curves. The rating table is then determined from the rating curve by 
tabulating the discharges for each tenth change in stage, adjusted by 
taking first and second differences. 
91 
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If accurate and well-distributed discharge measurements covering the 
range of stage are available, the station rating curve can be readily 
constructed. Frequently, however, the measurements are more or less 
discordant and do not cover all stages. As a result special studies are 
necessary to determine the. relative adciiracy of the measurements and 
the position of the curve. 

Since the discl\atge is the product of two factors— rthe area and mean 
velocity — any change in either factor will produce a corresponding change 
in the discharge. The curves of area and meah velocity furnish, there- 
fore, valuable assistance in studying the accuracy of the measurements 
aild in determining the true position of the rating curve, i These cui^es 
are defined by plotting gage heights as ordinates, and area arid mean 
velocity, respectively, as abscissas. 

Curves of area and mean velocity can be constructed only when the 
channel, both at the control and the measuring section, is permanent. 
If the control remains permanent, the rating curve for the station will 
be well defined, even though shifts at the measuring section may make 
the construction of curves of mean velocity and area impossible. If the 
control is permanent the eflFect of changes in area will be counteracted 
by changes in velocity, thus making no change in the rating curve. 

ABBA CUBVB. 

The curve of area shows the relation between the gage height atid 
the area of the cross-section of the stream. This area must include 
both moving and still water in order to be useful for comparison. Two 
factors, the width and depth, or gage height, govern the form and posi- 
tion of the curve, which is normally concave to the X axis but may, 
under special conditions, be straight. For ordinary conditions, where 
the width increases with the stage, the curve may be assumed to be a 
series of parabolic arcs whose parameters vary with the sloi)e of the 
banks. If the banks are vertical the increment is constant and the 
curve becomes a straight line. It is never concave to the Y axis unless 
the unusual condition of overhanging banks exists. 

The area curve can always be definitely drawn from a careful series 
of soundings, which should be taken at low water, during the period 
over which the discharge curve is to apply, ^ and be developed to high 
water by use of a level. The curve can be constructed easily, and 
generally with sufficient accuracy, by determining the area only at 
those gage heights at which the slopes of the banks change. If extreme 
accuracy is desired the area should be computed for each half -foot of 
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gage height. High-water soundings and those made in deep streams 
in which the velocity is great are liable to large errors, and areas com- 
puted from them should be carefully scrutinized. Such soundings have 
been more prolific of sources of error in discharge measurements than 
all other factors combined. 

Since for an infinitesimal change in stage the increase in area equals 
the product of the width at that stage by the difference in gage height, 
it follows that the width equals the quotient of the increase in area 
divided by the difference in gage heights, which ratio is the tangent of 
the angle that the area curve makes at that stage with the vertical; 
therefore the direction of the area curve for any stage is determined by 
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Fio. 21.— Typical Area Curves, niustratinsr Their Form. 



plotting from the vertical the angle whose tangent is the width at that 
stage. As most area curves are distorted by magnifying the vertical 
scale, the principle is utilized by laying off unity on the vertical or 
gage-height axis to the scale of gage heights, and the width on the 
horizontal or area axis to the scale of area (fig. 21). 

Such curves when referred to origins of coordinates at the elevation of 
the lowest point in the cross-section exhibit the following useful charac- 
teristics: (a) For all sections except those with flat bottoms the area 
curve becomes tangent to the Y axis at the origin ; (6) if the bottom is 
flat the curve cuts the Y axis at the origin at an angle whose tangent is 
the width of the bottom (a, fig. 21); (c) if the banks are vertical the 
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increment is constant and the curve proceeds in a straight line (fig. 21) ; 
(d) the area curve is permanent in curvature for all gage heights above 
the plane below which all shifts occur. 

The accuracy of the areas as measured at the time of discharge meas- 
urement may be quickly tested by plotting them and drawing through, 
each a straight line whose direction is tangent to the curve at that gage 
height and is determined by the width of the stream, as explained above. 
The curve should then be drawn from mean low water and kept parallel 
to the tangents at each point. Errors and discrepancies are at once 
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Fig. 22.— Typical Area Curves, Illustrating Their Construction. 

apparent (fig. 22). The abscissas between the plotted points and the 
curve show the error resulting from the combination of errors in compu- 
tation and soundings, and from changes in channel. 

At stations where the banks of the stream are practically pei:manent/ 
changes in section, if any, take place usually below the low-water line. 
If the area of such a section changes, the part of the curve above low 
water, which has been accurately constructed, may be shifted a proper 
distance horizontally to the right or left and be made to show accurately 
the areas of the new cross-section (fig. 21). The constant abscissa 
length between the old and new ix)sition of the curve is the algebraic 
sum of the changes in the area of the section, + for gain in area by 
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scour and — for loss in area by fill. A single determination of area at 
any gage height above low water therefore determines the new position 
of the curve, c (fig. 21). 

MEAN VBLOCrrr CURVE. 

As stated in Chapter III, the mean velocity of the stream is the aver- 
age rate of motion of all the filaments of water of the cross-section and 
depends principally upon (1) the surface slope of the stream, (2) the 
roughness of the bed, and (3) the hydraulic radius, and has been expressed 
in the Chezy formula as F = c i/Ss, in which the coefficient c has been 
expressed by Kutter in terms of s, JB, and n. 

Since slope is the most important factor affecting velocity, when the 
rate of change in the slope is rapid the velocity tends to follow such 
change. When the slope becomes constant, changes in the velocity are 
controlled by the other two factors, the hydraulic radius and the coeffi- 
cient of roughness. 

The curve of mean velocity shows the relation between the gage 
height and the mean velocity of the current in the measured section. 
It is located by means of points which are determined by plotting the 
gage heights and corresponding mean velocities as coordinates. If 
sufficient measurements have been made to define the curve throughout 
the range of stage, no further investigation of its properties will be 
necessary. It frequently happens, however, that the curve must be 
constructed from limited or discordant values of velocity. To do this 
intelligently and satisfactorily a knowledge of the properties of the curve 
under various conditions of flow is essential, and in such cases it is 
advisable to develop the curves of R and s. 

For usual conditions of natural flow in which the stage of no flow 
is the lowest point in the measured section, the mean velocity curve 
has approximately the form of a parabola with axis vertical and origin 
at or below the bed. It approaches a straight line, however, for the 
higher stages. 

When the gaging section is in a stretch of the stream where zero flow 
occurs with ponded water at the section of the gage, the mean velocity 
curve will reverse at low stages and approach zero convex to the gage 
axis. The degree of curvature and the point at which the curve re- 
verses are apparently governed chiefly by the amount of ponded water 
at the gage, the roughness of the bed, the form of the controlling bar, and 
other channel conditions. If the stream is small and shallow the 
change in direction is more abrupt. This peculiar reversal is probably 
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due to the rapid rate of change of the slope at extreme low flow. At 
zero flow the slope is of course zero. The least flow causes a slope of 
the surface and this slope increases with the stage, up to a certain point. 
Three methods of extending the mean velocity curve from medium 
stages to high water have been employed: (1) Extend the curve as 
a tangent from the last observed value; (2) extend the curve as a 
hyperbola, i. e., approaching the straight line as its asymptote; (3) 
assume the slope constant or increasing slightly over the intermediate 
stages and compute the value of the velocity from the formula V = cl Rs, 
using the most probable value of the coefficient of roughness. 
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Fig. 23.— Typical Rating Curve, Showing Low-Water Extension. 

The curve should be extended into low water with the greatest care. 
A slight variation from the true direction of the curve means a large 
percentage of error in the resulting estimate of minimum discharge. 
All conditions at the station should be studied. The curve must always 
be drawn to intersect the Y axis at the gage height of zero flow. If the 
point of zero flow is not "known its true position will lie between the 
gage height of the bottom of the channel and the point where the tan- 
gent to the discharge curve at its lowest known value cuts the Y axis, 
as between a and 6, fig. 23). If the mean velocity curve intersects the 
axis above the gage height of the bed of the stream — ^that is to say, if 
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there is ponded water — the curve will be convex to the Faxis; if it 
cuts the axis at the gage height of the bed of the stream the curve will 
be concave to the Faxis (fig. 23). 

When measurements are not made at the gage — for example, when 
low- water measurements are made by wading — the discharge should 
be divided by the area of the section at the gage and the resulting 
velocity plotted on the velocity-curve. Points so found are useful in 
extending the velocity -curve into low water. 

When the current is diagonal to the measured section the observed 
velocities should be reduced to velocities at right angles to the meas- 
ured section, but the area should not be reduced. The area is a 
measured quantity, while the angle of the current is usually estimated 
and often varies with the stage. 

'STATION RATING CURVE. 

Station rating curves which show graphically the discharge corre- 
sponding to any stage of the stream may be plotted either on ordinary 
or logarithmic cross-section paper. When ordinary cross-section paper 
is used the measurements of discharge are plotted either with discharge 
and gage heights as coordinates or with discharge and A \/d as coordi- 
nates, in which A is the area and d is the mean depth of the cross-section. 
When logarithmic cross-section paper is used, discharges and gage 
heights are the coordinates. 

Ordinary cross-section paper with discharge and gage height as coordi- 
nates. — ^The usual method of constructing a rating curve for a gaging 
station is to plot the results of the discharge measurements on ordinary 
cross-section paper with gage heights and corresponding discharges 
as coordinates (fig. 24). The points so located define the position of 
a curve which is drawn among them. The horizontal and vertical scales 
will be so chosen that the curve may be used within the limits of accu- 
racy for the work, and in its critical portions will make, as nearly as may 
be, angles of 45® with each axis. The discharge curve under natural 
special conditions, due to change in control, it may reverse at high 
stages and become concave to the gage axis. 

If a sufficient number of accurate discharge measurements are avail- 
able and are distributed throughout the range of stage, the discharge 
curve may be readily and accurately constructed. When such meas- 
urements are not available curves of reasonable accuracy may frequently 
be constructed by use of area and mean velocity curves or by one of the 
other methods of plotting. 
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In order to determine the accuracy of the individual measurements 
used in locating the station rating curve it is necessary to plot, as a 
function of the gage height, not only the discharge but also the mean 
velocity and area for each measurement. In this plotting the same 
gage-height scale should be used. The true area curve and approximate 
curves of discharge and mean velocity are then drawn through the 
points. The relation of the plotted points of discharge to the rating 
curve will show any discordant measurements. Whether the discord 
is due to erroneous area or velocity determinations will be shown by 
the relation of these respective points to the area and velocity curves, 
and the cause of any discrepancies in either factor can then be investi- 
gated. Such discrepancies may arise from error of observation or of 
computation. 

The relative accuracy of the various plotted discharges having been 
determined, the rating curve can then be drawn, due weight being 
given to the various measurements. Points for portions of the curve 
not defined by actual discharge measurements can be determined by 
multiplying the area by the mean velocity as measured from the curves 
of area and velocity. For extending the rating curve either above or 
below the limits of the measurements the mean velocity and area curves 
may be constructed, as previously described, to the stages for which the 
discharge curve is desired, and the discharge curve found by taking 
the product of the two curves. 

Whatever the method adopted in drawing the rating curve it should 
always be checked by computing the curve of mean velocity from the 
curves of area and discharge. If the curve of mean velocity so deter- 
mined is not consistent with conditions at and near the station the 
discharge curve should be revised. 

The discharge at a given stage of a rapidly rising stream is larger than 
for a fulling or stationary stream at the same stage, as the surface slope, 
and Jience the velocity, is greater for the first condition. This efifect is 
but little noticed except during periods of extreme high water. At 
8uch times the water passes down the stream in a flood wave, and after 
the crest is passed a retarding effect may be caused which may reduce the 
elope practically to zero. 

The curves shown in fig. 25 illustrate this. They are based upon the 
table of measurements on page 101. Therefore, in studying the plotted 
measurements, the fact whether the stream is rising, falling, or station- 
ary should be considered. Inasmuch as rising stages are of much 
shorter duration than falling or stationary stages, more weight should 
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be given to measurements made on falling or stationary than on rising 
stages. 

Discharge rr.easiirementa of Ohio River at W heeling ^ W. Va. Made in 1905 hy 

E. C. Murphy. 



No. 


Date. 


Area of 
section. 


Mean 
velocity. 


Gage 
height. 


Change 
of stage.' 


Discharge. 






Sg. ft. 


Ft. per sec. 


Feet. 


Feet. 


Sec-ft. 


5 


March 20 


33.890 


5.89 


28.2 


+ .68 


229.200 


6 


•• 20 


42,760 


6.13 


30.8 


+ .60 


261,900 


7 


" 21 


64,780 


6.23 


38.9 


+ .37 


341,100 


8 


" 21 


57,360 


6.18 


40.7 


+ .20 
1.05 


354,400 


9 


" 22 


59,580 


6.07 


42.06 


361,600 


10 


" 22 


60,510 


6.05 


42.6 


+ .05 


366,700 


11 


•• 23 


58,830 


6.73 


41.6 


-.20 


336,900 


12 


" 23 


66,790 


6.60 


40.3 


-.27 


318,100 


13 


" 24 


49,260 


5.20 


36.2 


-.36 


266,800 


14 


" 24 


46,550 


4.99 


32.7 


-.40 


227,300 


15 


" 26 


37,660 


4.95 


27.2 


-.23 


186,100 


16 


" 25 


35,060 


4.80 


26.6 


-.14 


168,100 


17 


" 27 


' 30,830 


4.83 


22.44 


-.05 


149,100 



•Rate of rise or fall per hour; rising +; falling — . 

As the mean velocity and area curves, which are factorial curves in 
making the station rating curve, do not under ordinary conditions follow 
any mathematical law, the discharge curve will not generally be a 
mathematical curve. For ordinary streams it is made up of a series of 
parabolas. For many streams it approaches very nearly the form of 
a single parabola. Some engineers construct the rating curve by 
mathematical treatment, by use of least squares. In ordinary practice, 
however, this is not considered practicable, as the graphic method can 
be used with greater ease and speed and gives results as close as the 
data will justify. 

If the engineer is familiar with the conditions in the channel at 
and near the station, a few careful measurements, well distributed, 
may serve to define the curve of mean velocity. If slope observations 
are taken and the point of zero flow is determined, a very good approxi- 
mate rating can be made from two or three measurements. 

Ordinary cross-section paper y with discharge and A\/ das coordinates, — 
In the construction of a rating curve based on a limited number of 
measurements, it is evident that it is much safer to extend a straight 
line than a curve. Investigations have consequently been made of the 
component parts of the discharge curve for a quantity which is readily 
measurable, and to which the discharge is approximately proportional, 
for use in conjunction with the discharge as a coordinate for plotting 
the discharge curve. The area times the square root of the mean 
depth of the stream, Ay^d, has been found by J, C Stevens to be 
such a quantity. 
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From Kutter's formula Q = Acy^Rs may be written Q = (A]^R) 
(cy s). If (c |/ s) is constant or approximately so, then Q varies directly 
as (Ai/B),and consequently when these two quantities are plotted as 
coordinates the result is a straight line, c is a function of s, Ry and n. 
R increases with the stage. It is also a matter of observation that s in 
general increases with the stage, the relative change being small for 
high stages. For comparatively large slopes the effect of s on c is insig- 
nificant, or, to quote Trautwine, " for slopes greater than .01 the coeffi- 
cient c is the same as for that slope." For flat slopes s has an appre- 
ciable effect on c. For a value of R greater than 3.28 feet or 1 meter, c 
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Fig. 26. — Rating Curve showing Discharge as a Function of A ftT. 

and 8 vary inversely, while c is of itself a decreasing function of s and an 
increasing function of R, Hence the product of ci/s may remain prac- 
tically constant for a given set of conditions, but for values of R less 
than 3.28 feet,c is an increasing function of both s and 22, and hence the 
product of r|/s is not a constant. The value of this method lies chiefly 
in making estimates for the higher stages and is not so generally appli- 
cable to shallow streams. 

Based on the above conditions and assumptions, discharge curves 
may be plotted with Q and A\/R as coordinates. It has been found, 
however, that d, the mean depth of cross-section, can be substituted 
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for R and give practically the same results in plotting. It is also easier 
to determine d than JR. 

In the application of this method (fig. 26) plot the elevation of the 
bed of the stream above gage datum and thereby obtain a cross-section. 
From the cross-section prepare a table giving widths, areas, mean depths 
and values of A\/d for each foot or half -foot of gage heights. Widths 
may be scaled directly from the cross-section. The table of areas is 
quickly prepared by first computing the area for one gage height about 
midway of the range of stage. For increasing gage heights add success- 
ively the areas of trapezoids formed by the widths and gage-heights 
interval. For decreasing gage heights subtract these successive areas. 

After the table of areas has been prepared the quantities A}/ d 

for A^j-^jy where ty= width, can be read directly with aslide rule. On 

cross-section paper draw the curve of A]'d, using gage heights as ab- 
scissas, as shown in the diagram. After this curve is drawn the values 
of -A I d are no longer required. Lay off a scale of discharge as abscissas 
To plot a discharge measurement project from the horizontal scale of 
gage heights to the curve of i4r3, thence horizontally to intersect the 
given discharge as indicated by dotted line. Points so plotted will 
generally conform to a straight line. 

The illustration (fig. 26) also shows the station rating curve, in which 
the same scale of discharges is used with gage heights as ordinates, 
shown on the left. 

The straight line marked "discharge as a function of il yd" does 
not pass through the origin for reasons elsewhere stated as to the effect 
on the coefficient c of the rapidly changing slope at this stage. There- 
fore, when but a single measurement is at hand the line should be drawn 
to intersect the scale of A \ 'd at some point above the origin. This 
point has been found to correspond approximately to the gage height 
at which the mean depth of flowing water is between 1 and 2 feet. 

In the case, frequently encountered, where there is ponded water at 
the gage height of zero discharge, the corresponding value of Ay 3 
should be subtracted from the tabular values of this quantity before 
plotting. The gage height for which the discharge is zero can be 
determined by a careful examination, with levels or soundings, of the 
bed below the gaging section. Even in this case the straight line dis- 
charge curve will pass above the origin and should be treated as above 
outlined for conditions where ponded or dead water does not exist. 

Logarithmic cross-section paper. — Cross-section paper graduated log- 
arithmically may also be used in plotting the rating curve. On this 
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paper discharges and gage heights are plotted as coordinates. The curve 
resulting from the points so plotted is practically a straight line and has 
a corresponding advantage for extension. The use of logarithmic cross- 
section paper is fully discussed on pages 145 to 153. 

BATINO OR DISCHARGE TABLE. 

After the station rating curve has been constructed the next step in 
the computation of daily discharge is to prepare the station rating 
table, which gives the discharge of the stream at any stage. This table (see 
jMige 108) will be constructed either for tenths, half-tenths, or hundredths 
of gage height, according to the readings of the gage to which it is to be 
applied. The table is made by first taking the discharges for various 
gage heights directly from the station rating curve. These discharges 
are then so adjusted that the differences for successive stages shall in 
general be either constant or gradually increasing. 

APPLICATION OF RATING TABLE TO GAGE HEIGHTS. 

In the application of a discharge rating table to gage heights for 
obtaining the daily flow of a stream, it is necessary to consider, first, 
the frequency of gage heights to be used, and second, the refinement 
with which they should be used. 

Frequenq/ of gage heights. — Theoretically, the mean daily discharge of 
a stream is the mean of the discharges for every second during the day. 
In ordinary computation of daily flow, it is assumed that the rate of 
discharge throughout the day varies so little or with such regularity 
that the daily discharge may be determined by entering a rating table 
with a mean daily gage height obtained either from a few observations 
or from a continuous record made by a water stage register. As the 
discharge is in general an increasing curvilinear function of the gage 
height, the use of a mean daily gage height with a rating table gives a 
result that is always too small. On the magnitude of this error, which 
will vary with the curvature of the rating curve and with the daily 
range in stage, will depend whether the daily discharge can be obtained 
directly by a mean daily gage height or by averaging the discharges 
corresponding to gage heights for shorter intervals. Hourly discharges 
are frequently used. As an ultimate limit the absolute mean discharges 
for the day may be obtained by a discharge integrator which operates on 
the principle of a planimeter and contains as an essential element the 
rating curve of the station. Such an integrator has been developed by 
Mr. E. S. Fuller, Assistant Engineer, U. S. Geological Survey. 

It is necessary, therefore, to study each gaging station, in order to 
choose the frequency with which the gage heights should be applied to 
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the rating table. In such an investigation a maximum allowable error 
of 1 per cent is assumed. The amount of daily range in stage allowable 
at a given mean daily stage, in order not to introduce errors due to 
curvature of the rating curve in excess of 1 per cent, can be found 
graphically by constructing a chord to the rating curve such that the hori- 
zontal distance, measured by the discharge scale, from its middle point 
to the curve equals 1 per cent of the discharge at the gage height of the 
middle point. The difference in gage height at the ends of the chord 
will be the allowable daily range. 

A table of such limits covering the range of stage, used with tables of 
mean daily stage and range in stage will indicate the days for which 
the mean daily discharge can be found directly from the mean daily 
gage height and those for which more frequent intervals are necessary. 

R^nemeiit of gage heights. — ^The degree of refinement necessary to give 
a suflBciently accurate determination of discharge will vary inversely 
with the stage and is determined by the sensitiveness (p. 46) of the 
station as disclosed by a study of the discharge rating table. 

Gages are usually read to hundredths, quarter-tenths, half-tenths, or 
tenths. The resulting absolute error of observations in individual read- 
ings are shown by the following table: 

Absolute errors for individual gage readings. 





Maximum error. 


Average error. 


Readings to hundredths 

Readings to quarter-tenths 

Readings to half-tenths 

RAAdlniPS to tenths 


Fool. 

0.005 
.012 
.025 
.05 


Foot, 

0.0025 
.006 
.012 
.025 


Fractional parts of 
Tenths of a foot, 

■ 





For staff and chain gages 2 per cent has been selected, more or less 
arbitrarily, as the limit of allowable average error in a daily discharge 
due to errors in the mean daily gage height. The table indicates that 
the maximum error for any one day is twice the avera^ error, so that 
the maximum error for any one day may be 4 i)er cent. According to 
the principles of least squares, for fluctuating stages the average error 
in the monthly mean discharge resulting from a 2 per cent avera^ 
error in mean daily discharge is about one-third of 1 per cent. 

The refinement to which the mean daily gage-height records must be 
used — whether to hundredths, half -tenths, or tenths — ^in order to obtain 
this limit of accuracy of discharge at any given stage, will depend on 
the percentage of difference in discharge for such least differences in 
gage readings at that stage, as shown by the rating table. 



106 



RIVER DISCHARGE. 



In determining this refinement proceed as follows and enter the results 
in a table of the form given below, in which the Potomac at Point of 
Rocks, which is read twice daily to tenths, is used as an example. 

LimitB of accuracy in the use of gage readings. 





Present 
Readings 


Mini- 
mum 
Q&ge 
Height 


Mini- 
mum 
dis- 
charge 


Error in 
discharge 

due to 

error of .10 

ft. in the 

gage at 
minimum 
discharge 


Use gage heights to— 


Station 




Hun- 
dredths 
below 


Half 

tenths 

between 


Tenths 
above 




Per 
day 


To 




No. 


Foot 


Feet 


Sec. ft. 


Per cent 


Feet 


Feet 


Feet 


Potomac 
River, 
Point of 
Rocks, Md. 


1 


0.1 


0.50 


900 


21 


1.0 


1.0-2.0 


2.0 



Enter in column 1, the name of station; in column 2, the number 
of readings per day; in column 3, smallest subdivision used in reading 
gage ; in column 4, the minimum known gage height ; in column 6, 
minimum discharge as taken from the discharge rating table or curve; 
and in column 6, the percentage of error in the minimum discharge due 
to an error of .10 of a foot in gage height. The discharge rating table 
(p. 108) shows that the minimum discharge is 900 second-feet and occurs 
at gage height .60 foot. The difference per tenth between gage heights 
.60 and .60 is 190 second feet, or 21 . 1 per cent of the minimum discharge. 

The limits of stage between which it is necessary to use mean daily gage 
heights to hundredths, half-tenths, and tenths, respectively, in order 
not to introduce an average error of over 2 per cent in the daily dis- 
charge are shown in columns 7, 8 and 9 and are determined by trial 
by testing values from the discharge rating table (p. 108) at selected 
half -foot intervals as follows: 

(a) Testing at the 2-foot gage height for gage records to tenths. The 
difference between the discharges at 2.00 feet and 2.10 feet is 860 
second-feet. The average error of a mean daily record to tenths is one- 
fourth tenth (see table, p. 106). Therefore at gage height 2.00 feet the 
average error for such record, expressed in second-feet, is -f^ = 90 
second-feet, which is 1.8 per cent of 6,020 second-feet, the discharge at 
the 2-foot stage. Therefore, it is not necessary to use gage-height 
records closer than .10 foot above the 2-foot stage, as above this stage 
the average error is less than 2 per cent, which is the allowable error. 

A continuation of this analysis shows that in order to keep the dis- 
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charge error resulting from lack of refinement in gage readings, below 
2 per cent, the gage at Point of Rocks should have been used to hun- 
dredths below the 1-foot stage, to half-tenths between 1.0 feet and 2.0 
feet, and to tenths above 2.0 feet, instead of to tenths for all stages, as 
shown in the table of daily gage heights, page 108. 

For automatic gage records the same procedure is followed except 
that the allowable error should be 1 per cent. 

For stations with shifting channels the methods of analysis above 
described can be used only in a general way. 

In practice the limits of use of gage heights can be readily determined 
by the following rules: 

Find the stage at which the difference in discharge per tenth is 8 per 
cent of the discharge at that stage. Gage heights above this stage should 
be used to tenths. 

Find the stage at which the difference in discharge per tenth is 16 per 
cent of the discharge at that stage. Gage heights below thid stage should 
be used to hundredths. 

Gage heights between the first and second stages should be used to 
half-tenths. 

The following tables and figs. 24 and 26 illustrate the method of 
determining daily discharge of streams with permanent beds: 

Ducharge mea8urement8 of Potomac River at Point of Rocks, Md., in 1902-7. 



Date. 



1002 
June 22 
Sept. 2 

1003 
Mar. 12 

Apr. 17 
Apr. 17 
Apr. 18 
Sept. 14 
Nov. 

1004 
July 11 

1005 
Mar. 13 
June 20 
Oct. 30 
Nov. 
Nov. 

1006 
May 30 
Dec. 7 

1007 
Mar. 15 



Hydiographer. 



Newell and Paul. 
E. G. Paul 



E. C. Murphy... 
Hoyt and Paul . , 
Hoyt and Stokes , 
Hoyt and Stokes. 
Paul and Sawyer, 
W. C. Sawyer 



Area of 
section. 



Mean 
velocity. 



Hoyt and Grover. 



Tillinffhast and Comstock. 

Grover and Lyman 

G. F. Harley 

G. F. Harley 

Harley and Stewart 



A. FoUansbee. 
R. H. Bolster. 



R. H. Bolster, 



Sg. ft. 
2,807 
2356 



6,600 

17,260 

16.500 

12,180 

2,050 

2,500 



5,500 



8.C00 
2,727 
3,532 
2,703 
2,703 



3.351 
3,180 



21,460 



Ft. per see. 
1.01 
.73 



2.86 
5.01 
4.88 
4.44 
1.28 
.83 



Gase 
height. 



2.50 



3.33 

1.10 

1.38 

.04 

.01 



1.16 
1.40 



5.31 



Feet. 
1.25 
.87 



4.84 
13.70 
13.10 
0.60 
1.50 
1.12 



3.87 



G.56 
1.20 
2.05 
1.20 
1.20 



1.70 
1.76 



16.05 



Discharge 



See.-ft. 
2.021 
1.717 



18.880 
86.420 
80.520 
54,080 
3,770 
2.140 



13.750 



28.640 
2,007 
4,880 
2.531 
2467 



3.802 
4,450 



114,000 
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Jtiating table for Potomac River at Point of RockSf Md., from April 1, 

1902, December 31, 1906. 



Gage 
height. 


Dis- 


Differ- 


Gage 
height. 


Dis- 


Differ- 


Gace 
height. 


Dis- 


Differ^ 


charge. 


ence. 


charge. 


ence. 


charge. 


ence. 


Feet. 


Sec. ft. 


Sec-ft. 


Feet. 


Sec-ft. 


Sec.-ft. 


Feel. 


Sec.-ft. 


SeC'ft. 


0.50 


900 


• •■••a •• 


2.40 


6,520 


390 


4.60 


17,430 


1,160 


.60 


1,090 


190 


.50 


6,920 


400 


.80 


18.610 


1.180 


.70 


1.295 


205 


.60 


7,330 


410 


5.00 


19,820 


1.210 


.80 


1,515 


220 


.70 


7,750 


420 


.20 


21,060 


1.240 


.90 


1.750 


235 


.80 


8,180 


430 


.40 


22.300 


1,240 


1.00 


2,000 


250 


.90 


8,620 


440 


.60 


23,56a 


1.260 


.10 


2,260 


260 


3.00 


9,070 


450 


.80 


24,840 


1.280. 


.20 


2,6.30 


270 


.10 


9,530 


460 


6.00 


26,140 


1300 


.30 


2,810 


280 


.20 


10,000 


470 


.20 


27,460 


1,320 


.40 


3,100 


290 


.30 


10.480 


480 


.40 


28,780 


1.320 


.50 


3.400 


300 


.40 


10,970 


490 


.60 


30,100 


1.320 


.60 


3.700 


300 


.50 


11.470 


500 


.80 


31,460 


1.360 


.70 


4.010 


310 


.60 


11,980 


510 


7.00 


32,820 


1.360 


.80 


4.330 


320 


.70 


12,490 


510 


.50 


36,340 


3.520 


.90 


4.670 


340 


.80 


13,010 


520 


8.00 


39,980 


3,640 


2.00 


5.020 


350 


.90 


13,530 


520 


.50 


43,740 


3,760 


.10 


5..380 


360 


4.00 


14.070 


540 


9.00 


47.600 


3,860 


.20 


5,750 


370 


.20 


15,150 


1,080 


.50 


51,560 


3,960 


.30 


6,130 


380 


.40 


16,270 


1.120 


10.00 


55,600 


4,040 



Note: The above table is applicable only for open-channel conditions. It is 
based on dischar|^ measurements made during 1902 to 1907. It is well defined 
between gage heights 1.0 feet and 17.0 feet. Above gage height 10 feet the 
rating curve is a tangent, the difference being 830 per tenth. 

Daily gage heights' and discharges of Potomac River at Point of Rocks, Md., for 

July to December, 1904. 





July. 


August. September. 


October. 


November. 


December. 


Day. 


Feet. 


Dis- 
charge. 


tf 


Dis- 
charge. 




Dis- 
charge. 


^ 


Dis- 
charge. 


^ 


Dis- 
charge. 


fl 


Dis- 
charge. 




SeC'ft. 


Feet. 


Sec.-ft. 


Feet. 


SeC'ft. 


Feel. 


Sec.-fl. 


Feet. 


Sec.-ft. 
1,090 


Feet. 


Sec-ft. 


1 


1.4 


3,100 


1.4 


3,100 


0.9 


1.750 


0.6 


1,090 


0.6 


0.8 


1,515 


2 


1.3 


2.810 


1.3 


2.8A0 


.8 


1,515 


.6 


1,090 


.6 


1.090 


.8 


1,515 


3 


1.3 


2,810 


1.2 


2,630 


.8 


1,515 


.6 


1,090 


.7 


1,295 


.8 


1.515 


4 


1.3 


2,810 


1.2 


2,630 


.8 


1,515 


.6 


1,090 


.7 


1.295 


.8 


1,515 


5 


1.2 


2,530 


1.2 


2,530 


.9 


1,750 


.6 


1,090 


.7 


1,295 


.8 


1,615 


6 


1.5 


3.400 


1.2 


2,530 


1.0 


2,000 


.6 


1,090 


.7 


1,295 


.8 


1,615 


7 


1.5 


3,400 


1.3 


2,810 


.9 


1.750 


.6 


1,090 


.7 


1,296 


.8 


1,515 


8 


1.6 


3,700 


1.4 


3,100 


.8 


1,515 


.6 


1,090 


.7 


1.295 


.8 


1,615 


9 


1.6 


3,700 


1.5 


3,400 


.7 


1,295 


.5 


900 


.7 


1,295 


.8 


1,515 


10 


1.7 


4.010 


1.4 


3,100 


.7 


1,295 


.5 


900 


.7 


1,295 


.9 


1,750 


11 


2.9 


8.620 


1.3 


2,810 


.7 


1,295 


.5 


900 


.7 


1.295 


.9 


1,750 


12 


2.6 


7.330 


1.3 


2,810 


.8 


1.515 


.6 


1,090 


.7 


1,296 


.9 


1,760 


13 


3.4 


10,970 


1.2 


2,530 


1.0 


2,000 


.7 


1,295 


.7 


1 .296 


.9 


1,760 


14 


3.1 


9.530 


1.2 


2,530 


.9 


1,750 


.7 


1.295 


.8 


1.615 


.9 


1,760 


15 


3.0 


9.070 


1.1 


2.260 


.9 


1,750 


.6 


1.090 


.8 


1616 


.9 


1,750 


16 


2.8 


8.180 


1.1 


2,260 


1.0 


2,000 


.6 


1,090 


.8 


1.616 


9 


1,760 


17 


2.4 


6.520 


1.1 


2.260 


1.0 


2,000 


.5 


900 


.7 


1,296 


.9 


1,760 


18 


2.0 


5,020 


1.0 


2,000 


.9 


1750 


.5 


900 


.8 


1,516 


.9 


1,760 


19 


1.8 


4.330 


1.0 


2,000 


.8 


1,515 


.5 


900 


.8 


1.616 


.9 


1.760 


20 


1.6 


3,700 


1.0 


2,000 


.7 


1,295 


.6 


1,090 


.8 


1.616 


1.0 


2,000 


21 


1.4 


3,100 


1.0 


2.000 


.8 


1,515 


1.0 


2.000 


.7 


1.296 


1.0 


2,000 


22 


1.4 


3.100 


.9 


1.750 


1.0 


2,000 


.9 


1.750 


.7 


1.296 


1.0 


2.000 


23 


1.3 


2,810 


.9 


1,750 


.9 


1.750 


.8 


1.615 


.7 


1,296 


1.0 


2,000 


24 


1.3 


2.810 


1.0 


2.000 


.8 


1.515 


.7 


1,295 


.7 


1.295 


1.0 


2,000 


25 


1.3 


2.810 


1.0 


2,000 


.8 


1.515 


.7 


1,295 


.7 


1,295 


1.1 


2,260 


26 


1.4 


3,100 


1.2 


2,530 


.8 


1,615 


.7 


1,295 


.7 


1.295 


1.4 


3,100 


27 


1.4 


3,100 


1.1 


2,260 


.7 


1.295 


.7 


1,295 


.7 


1.295 


1.6 


3,400 


28 


1.4 


3,100 


1.1 


2.260 


.7 


1,295 


.7 


1.295 


.7 


1.295 


1.8 


4,330 


29 


1.5 


3,400 


1.0 


2.000 


.7 


1,295 


.6 


1,090 


.8 


1.516 


1.8 


4.330 


30 


1.5 


3,400 


1.0 


2,000 


.7 


1,295 


.6 


1.090 


.8 


1,516 


1.9 


4,670 


31 


1.5 


3,400 


.9 


1,750 


• • ■ • 




.6 


1.090 
36.080 






2.0 


5,020 










Total. . . 


139,670 


74.200 


47,760 


40.200 


68.245 


Mean.. 


4,505 




2,394 




1,592 




1,164 




1,340 




2.201 
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MontMy discharge of Potomac River at Point of RockSf Md., for 1904. 





Discharge in second-feet. 


Run-off. 


Month. 


Maximum. 


Minimum. 


Mean. 


Second-feet 
per sq. mi. 


Depth in 
inches. 


Acre-feet. 


July 


10,970 
3,400 
2.000 
2.000 
1.515 
5.020 

10.970 


2.530 
1,750 
1.295 

900 
1.090 
1,515 

900 


4,505 
2,394 
1,592 
1,164 
1,340 
2,201 
2,199 


.467 
.248 
.165 
.121 
.139 
.228 
.228 


.538 
286 
.184 
.140 
.155 
.263 
1.556 


277,300 


w wa^ ************** 

Aumist 


147,200 


September 

October 


94,730 
71,570 


November 


79,740 


December 


135,300 


The period 


805.840 



GAGING STATIONS WITH CHANGEABLE BEDS. 

The determination of the daily discharge of streams with changeable 
beds is more difficult than of those with permanent beds. The method 
used varies with the rapidity of the changes. The base data for such 
determinations are the same as those used for permanent beds, but 
more frequent discharge measurements are necessary, as otherwise the 
results obtained are only roughly approximate. 

PERIODICALLY CHANGING BEDS. 

For stations with be^s which shift slowly or are changed only during 
floods, station rating curves can be prepared as above described for 
periods between changes, and satisfactory results can be obtained with 
two or three measurements a month, provided measurements are taken 
soon after such changes take place. 

CONBTANTLT CHANGING BEDS. 



For streams with continually shifting beds, as the Colorado and Rio 
Grande, discharge measurements should be made every two or three 
days and the discharge for the intervening days estimated by interpola- 
tion, modified by the gage heights for these days. There are two 
methods of making these interpolations, the Stout and the Bolster 
methods, known by the names of their inventors. 

Stout method, — In the Stout method an approximate station rating 
curve and rating table are prepared from the discharge measurements 
and applied to modified or so-called corrected daily gage heights. The 
gage heights are corrected by means of a curve (fig. 27) determined by 
plotting as ordinates the differences between the actual gage heights at 
the time of the various discharge measurements and the gage height 
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corresponding on the approximate curve to the respective measured 
discharges, and as abscissas the corresponding days of the months. 
Through these points an irregular curve is drawn, from which can be 
found the correction for days other than those on which measurements 
were made. The correction is positive if the discharge is greater than 
that given by the station rating curve, negative if less. Each daily 
gage height is then corrected by the amount indicated on the correction 
curve, and the discharge corresponding thereto is taken from the approx- 
imate rating table. 

Bolster method.— In the Bolster method the discharge measurements 
for the entire year are first plotted with discharges as abscissas and 
gage heights as ordinates. The points so plotted are considered chrono- 
logically and, even though scattered, will usually locate one or more 
fairly well-defined curves, called standard curves (fig. 27). In general 
the number and position of these standard curves is determined by the 
radical changes in the stream bed due to floods. 

When beds change very rapidly it is necessary to change the position 
of the rating curve from day to day, making practically a new curve 
daily. This daily curve is of the same form as the standard curve and is 
parallel to it with respect to ordinates. For a day when a measurement 
is made the rating curve passes through such plotted measurement^ 
In order to locate a rating curve for other days a line connecting consecu- 
tive measurements is drawn and divided into as many equal parts as 
there are days intervening between the measurements, on the assump- 
tion that the change in conditions of flow between any two consecutive 
measurements is uniform from day to day. The daily rating curve 
will then pass through these points of division, and the discharge is read 
directly from these curves by applying to them the observed daily 
gage heights. 

In order to facilitate the use of the method and to make it as rapid 
in application as the common method for permanent stations the stand- 
ard curve or curves, together with a vertical line of reference, should be 
transferred from the original station sheet to tracing cloth, which can be 
readily shifted vertically to any desired position by always keeping the 
two reference lines coincident with each other. 

In applying and modifying this method judgment must be used for 
long time intervals of no measurements, or for radical changes in the 
stream bed caused by sudden floods. The tables on pages 112-113 and 
figure 27 illustrate the Bolster and the Stout methods of obtaining daily 
discharge. 



DISCUSSION AND USE OF DATA. 



Ill 



6»g9heigfftm^mt 



5 



to 

\ 

i 

c 
w 

3 

cr 
o 

00 

«♦■ 

s 

ST 

"I 

o 

I 



5 

c 

f 

am 
& 

5* 




G9ge he^ht correct/on tn fleet 



112 



RIVER DISCHARGE. 



LmI of measurements to iUustraJte the Stout and the Bolster methods of determining 

daily discharge. 



No. 


Date. 


Gage height. 


Discharge. 








Feet. 


Sec.-ft.- 






1 


June 1 


2.55 


3700 






2 


6 


.55 


500 






3 


14 


1.4 


1200 






4 


22 


1.2 


600 






6 


July 2 


1.5 


500 






6 


18 


3.8 


6460 






7 


20 


2.2 


2330 






8 


22 


.4 


200 






9 


31 


.9 


150 





DaUy gage heights and discharges to illustrate the Stout and the Bolster methods of 

determining daily discharge. 





June. 




July. 




Day. 


Observed 


Discharge, 


Corrected 


Discharge, 


Observed 


Discharge, 


Corrected 


Discharge, 




h^its. 


Bolster 
method. 


heights. 


Stout 
method. 


h^i^ts. 


Bolster 
method. 


h^ghts. 


Stout 
method 




Feet. 


Sec. -It. 


Fed. 


Sec.'ft. 


Feet. 


Sec.-ft. 


Feet. 


Sec.-ft. 


1 


3.0 


4870 


3.3 


4970 


1.5 


530 


.85 


520 


2 


2.5 


3580 


2.8 


3650 


1.5 


500 


.85 


520 


3 


2.0 


2490 


2.3 


2530 


1.5 


570 


.85 


520 


4 


1.5 


1610 


1.8 


1640 


1.6 


730 


.95 


605 


5 


1.0 


930 


1.3 


960 


1.6 


780 


1.0 


650 


6 


A 


390 


.65 


365 


1.8 


1050 


1.25 


905 


7 


.6 


510 


.85 


520 


1.7 


970 


1.2 


850 


8 


.6 


490 


.85 


520 


1.7 


1020 


1.25 


905 


9 


.7 


550 


.95 


605 


1.9 


1320 


1.55 


1280 


10 


.8 


620 


1.0 


650 


2.0 


1510 


1.7 


1490 


11 


1.0 


800 


1.2 


850 


2.2 


1890 


2.0 


1970 


12 


1.5 


1400 


1.65 


1420 


2.6 


2720 


2.45 


2850 


13 


1.4 


1240 


1.55 


1280 


3.0 


3700 


2.9 


3900 


14 


1.4 


1200 


1.5 


1210 


3.6 


5440 


3.5 


5550 


15 


1.3 


1020 


1.35 


1020 


3.7 


5850 


3.65 


6000 


16 


1.1 


760 


1.15 


800 


3.5 


5370 


3.5 


5550 


17 


1.0 


620 


1.0 


650 


3.2 


4610 


3.2 


4690 


18 


1.0 


580 


.95 


605 


3.7 


6150 


3.7 


6150 


19 


1.1 


640 


1.0 


650 


4.0 


7080 


4.0 


7080 


20 


1.2 


690 


1.05 


700 


3.0 


4160 


3.0 


4160 


21 


1.2 


650 


1.0 


650 


1.8 


1640 


1.8 


1640 


22 


1.3 


690 


1.05 


700 


.8 


480 


.8 


480 


23 


1.5 


850 


1.2 


850 


.3 


120 


.3 


150 


24 


1.8 


1170 


1.45 


1140 


.3 


100 


.25 


130 


25 


1.7 


990 


1.3 


960 


.4 


110 


.35 


176 


26 


1.6 


830 


1.16 


800 


.4 


90 


.3 


150 


27 


1.6 


780 


1.1 


750 


.6 


130 


.4 


200 


28 


1.6 


740 


1.05 


700 


.7 


150 


.45 


230 


29 


1.6 


700 


1.0 


650 


.8 


170 


.45 


230 


30 


1.6 


660 


.95 


605 


.9 


180 


.4 


200 


31 










1.0 


200 


.4 


200 


Totols. 




33050 




33400 




59320 




59930 


Means. 




1102 




1113 




1914 




1933 
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Rating table ta iUustrate the Stout method of deterniining daily discharge. 



G 



aoe 

rknt. 



Feet. 

.10 
*20 
.30 

! .40 
.50 

V.60 
.70 
.80 
.90 



Dis- 
charge. 



Sec.-ft- 
60 
80 
110 
150 
200 
260 
330 
400 
480 
560 



Gage 
height. 



Feet. 

1.00 
.10 
.20 
.30 
.40 
.50 
.60 
.70 
.80 
.90 



Dis- 
charge. 



Sec.-ft. 

650 

750 

850 

960 

1080 

1210 

1350 

1490 

1640 

1800 



Gage 

height. 



Feet. 

2.00 
.10 
.20 
.30 
.40 
.60 
sQO 
.70 
.80 
90 



Dis- 
charge. 



Sec.-ft. 
1970 
2150 
2330 
2530 

.2740 
2960 
3180 
3410 
36^ 
3900 



G 

heigl 



age 

ight. 



Feet. 

3.00 
.10 
.20 
.30 
40, 
.60 
.60 
.70 
.80 
.90 



^ 




Dis- 


Gage 


charge. 


height. 


Sec.-ft. 


' Feet. 


4160 


4.00 


4423 


1 


4690 


( 


4970 





5260 - 




5550 




5850 




6150 




6460 


■.«.... 


6770 


...... 



Dis- 
charge. 



See. -ft. 
7080 



ICE-COVERED STREAMS.* 

:■ ■ ' ' • ■ ■ ■ ■ ■ : • •'■ 

Ice occurs in rivers in three forms — surface ice, anchor ice and frazil. 
Surface ice may occur as a complete cover, supported ty the water, or 
bridged from bank to bank, free from or partly supported by the water, 
as in ice jams due to piling up of ice, or as alternate layers of ice and 
water. Anchor ice may be attached to the bed of the river where it has 
been formed, or it may be floating in suspension. Frazil usually occurs 
floating in suspension. 

The presence of ice in a stream in any form may destroy the open- 
water relation of discharge to stage by causing backwater and thus 
increasing the stage for a given discharge. Therefore discharge measure- 
ments of a stream in which ice is present will alwAys plot either at the 
left of or on the open- water curve. Under no circumstances will they 
plot to the right provided the measurement represents the correct flow. 

It is not necessary that ice be present at the measuring section or at 
the normal control section to destroy the relation of stage to discharge.' 
The existence of ice far below the control section may establish a 
temporary control which will affect the station rating. 

The data necessary for computing flow during periods of ice are — 

1. Measurements of discharge made during the period. 

2. Records of stage read to the surface of the water in a hole cut 
through the ice. 

3. Records of temperature and precipitation. 

4. Full notes in regard to the ice. 

The complex manner in which ice may form and the varying condi- 
tions presented by streams preclude the formulation of any method that 
can be universally employed to determine winter flow. In general the 
following methods may be used: 



* See Water-Supply Paper No. 837, U. S. Geo!. Survey'. 
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1. The readi^g8 of go^ heights to the water surface may be directly 
applied to the open-water rating curve. 

2. The observed gage heights may be applied directly to a special 
rating curve based on winter discharge measurements and gage hdgfats 
to water surface. 

3. Discharge measurements may be used in connection with gage 
lieights and with data (lowing climatic conditions and the occurrence 
of ice. This method may be applied dther by the eye or graphically, as 
will be explained, for determining corrections to the gage heights neces- 
sary for making the open-channel rating curve applicable. 

FIKST METHOD. 

The use of the first method to determine the daily discharge of a 
frozen stream — the application of water-surface gage readings to the 
open-water rating curve — is advisable only when the stream is open at 
the control section and no backwater exists at the gage. 

II the control section is entirely free from ice the relation between 
slope, stage, and discharge will not be appreciably changed even by 
complete ice cover between the control section and the gage. 

In using this method the engineer should closely inspect the gage- 
height records and compare them with temi)erature records to detect the 
presence of backwater. H discharge measurements made in several 
winters have shown tliat ice rarely occurs at the control section and that 
the regular open- water curve is applicable fewer measurements are needed 
with this method than with any other. An open-control section, how- 
ever, with ice above, implies as a rule that the control section is at 
rapids at whidi andior ice is likely to form. In order to detect Hie 
presence of anchor ice during extremely cold periods the gage should be 
read twice a day. Readings higher in the morning than in the after- 
noon indicate the presence of anchor ice, and care must be taken to read 
the gage soon after the point of maximum daily temi)erature, when the 
control section is likely to be clear. 

SECOND METHOD. 

The conditions favorable to the use of the second method — in which 
observed ga^ heights are applied directly to a special rating curve based 
on winter discharge measurements and gage heights to the water sur- 
face — are mort likely to be found on the larger rivers, where \be Aopt 
and cross-section may be fairly uniform for long stretches. In general^ 
however, this method should be used with great care and the period of 
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applicabilit;y of the curve should be closely determined by discharge 
measurements. 

On a large stream that freesses uniformly and that varies little in flow 
all discharge measurements made when the ice has reached its perma- 
nent condition may plot on a curve, but it is evident that this curve will 
not correctly represent the relation of stage to discharge in the period of 
transition from open water to solid vice, and vice versa. It will also not 
represent conditions if between the times of measurement the character 
of the ice cover has changed greatly as a result of changes in tempera- 
ture. 

If backwater is caused by a combination of anchor and surface ice, 
discharge measurements made at certain times might give a smooth 
curve that would in reality not apply except on the days of measure- 
ment. 

This method should be used only when many discharge measurements 
have been found to plot on a smooth curve and when conditions of 
temperature and ice are stable for long periods. 

THIRD METHOD. 

Eye method. — ^The method most commonly employed at the present 
time to determine the flow of streams either partly or completely covered 
with iee is that which utilizes the discharge measurements and data 
regarding climatic conditions and the occurrence of ice in connection 
with observed gage heights by means of eye-inspection of records of tem- 
perature, precipitation, and gage heights, estimating the daily discharge 
for the period between times of measurement, and adjusting the deter- 
minations by comparing with results obtained at near-by stations. The 
monthly mean of such determinations is also compared with monthly 
means at adjacent stations in order that any large error may be detected. 

The accuracy of this method depends largely on the uniformity of 
stream flow between times of measurements, the number of measure- 
ments, and the engineer's knowledge of general conditions. Care must 
be taken that the discharge, as estimated, is not greater than would be 
given by the application of gage heights to the open-water rating curve. 
In general this method should give more accurate results than the second 
method, because it considers the time and temperature factors. 

The method will give good results at stations in localities where tem- 
peratures are fairly constant over long periods of time and wiiere the 
flow is affected by surface rather than by anchor ice. Under such oon^ 
ditions fewer measurements and ga^ readinss aro required than at 
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stations .sitiiated wkere climatic: coiidltion? are irregular. Temperature 
records from the nearest Weather Bureau station are generally suflScient. 

The: disadvantage) of. this method k that itis im];)08sible to check its 
result^, as no record is' left of steps -employed; ; 

Smjj^tc me</w>dv?-*7r As ice: causes backwater it is only necessary to 
determine the ma^tude of the backwater effect in order to find the 
true flow at a given stage. ; Siixce the formation of ice is due entirely to 
temperature, the amount jof baOkwa^ter will in general vary with 
temperature. » • ^; ,; r 

The magnitude of the backwater effect at any given time can be 
determined by measurements of discharge. If such measui^mentS; are 
made at stated intervals during the winter the backwater effect between 
times of measuremeiitican be determined by constructing a curve of 
backwater. In constructing this curve (see fig. 28) proceed as follows: 

1. Plot the observed daily gage heights. 

2. Plot the mean daily temperatures. 

3. Plot the daily precipitatioji. 

4. Plot on the curve of observed daily gage heights the gage heights 
corresponding to the measured discharges as determined from the open- 
water rating table. The differences between these gage heights and the 
observed gage heights measure the backwater effects for the days in 
question. 

5. Plot the backwater effects as determined under 4 and through 
these plotted points construct a backwater curve, following the same 
general shape as the inverted temperature curve, taking into account 
the daily precipitation (if rain), ice jams, and other unusual conditions 
thatimay affect the records of stage. 

6. From the backwater curve construct the curve of corrected gage 
heights, from which the true discharge can be obtained by applying the 
open- water rating table. 

Aside from giving more accurate results, this method has an advantage 
over any other method in furnishing a complete record of all the steps 
taken, thus making it possible for a second person to review or check 
the estimates. The accuracy of the results obtainable by this method 
will depend on the frequency of the discharge measurements. When 
winter conditions are: comparatively constant, fewer measurements will 
be required, as the principal uncertainties occur during transition periods 
from cold to warm weather. 
, A special foreQi:,.j$ei^ .fig. 29, is desirable for use in computing winter 

flow. :^ :ijj ~ ■ ..'i j.-i T ' : ■. ^ i .• : ;., ':,,. ■, •/ . . . i. • "■ ■ . 

' j~» J ] - "" 

'^ ^ tfae'sra]^iiioJsa^t]i%d-WBk^ flrtt pt^i^baed by W. G. Hoyfe, Aasoe. K. Am. Soc. C. E., Eug. New» 

Vol. 69. pp. 725-727. Apr. 10, 191S. 



DISCUSf^lDN AND USE OF DATA. 



temperatunB.'fahrenhtfit 



Gage height.'inf<^et - ^ 

- N Crf 



a 



i i 



S 

•5" 



s 

9 



3 

S 



? ^ 



O 

C 

< 









CD 

-t 

a 

K 
e* 

O 

9 

SL 
SL 




118 



RIVER DISCHARGE. 



This method follows somewhat the Stout method (pp. 109-110) of 
determining the flow in shifting channels in u^ng a single rating eurve 
and correcting the observed gage heights to apply to the curve. Iti the 
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Pig. 29.— Proposed computation sheet 

Stout method the correction is based almost entirely on discharge 
measurements; in this ice method time and temperature are factors, as 
well as discharge measurements. 

Application of graphic method, — Many streams in the northern and 
western States are not completely covered with ice throughout the winter 
months. At many places the ice on a stream may extend but a short 
distance from the banks, leaving an open channel in the center; at 
others the current may be so swift that the channel remains entirely 
open throughout the winter. Such conditions are common in hilly or 
mountainous regions, where stream gradients change rapidly, and may 
exist in the vicinity of gaging stations to such an extent as to make it 
impossible to estimate discharge by methods that are applied to streams 
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that are completely ice covered. For example, the ehannel may be 
opeo at the gage or at the control below, but the stage may be xnfltevially 
affected by the presence of anchor ice; or, if complete iee cover exists 
below the natural control sections, ice jams may form, creating a 
temporary ice control which produces backwater at the gage. If the 
stream is frozen along iSne banks at the gage and at the control below, 
but is open in the center, the gage readitigs are affected by iee jams at 
the control and by changes in the conditions along the banks. 

If a stream is deep and sluggish and under complete ice cover for a 
considerable distance above a gage located at a riffie, the gage readings 
may not be affected by ice because the water coming from beneath the 
ice is at a temperature sufficiently high to prevent the formation of ice 
at the control section. 

The extent of these effects depends on the natural condition of the 
channel and on the general condition of the ice, the latter depending 
largely on temperature. Each station where such conditions exist, 
singly or in combination, presents a proMem that can be solved only 
after a careful study of all the factors. 

At a station located in a comparatively sluggish stretch of a stream 
where the channel is partly open throughout the winter and the control 
is a riffle the gage heights will be materially affected by anchor ice, 
which will form at temperatures of zero and below. The amount of 
anchor ice will depend on the roughness of the channel and the velocity 
of the current and will tend to increase as the temperature falls and 
decrease as the temperature rises, disappearing entirely as the tempera- 
ture approaches 32°. As the variation in daily temperature may have 
an? important effect on the amount of anchor ice formed, and therefore 
on the fluctuations in stage at the station, a record of the maximum 
! and minimum temperatures is necessary to arrive at a proper interpre- 

j tation of variation in the gage heights caused by anchor ice. It is also 

j necessary to have a more complete record of the gage heights at stations 

! of this character than at stations where complete ice cover is formed. 

I At least two readings should be made each day as nearly as possible at 

' the time of maximum and minimum temperatures. Careful observa- 

tions should be made to determine the maximum temperature at which 
anchor ice forms and at which it may be expected to disappear, and 
the relation between the increase of the anchor ice and the decrease 
^j in temperature. On days when the temperature rises above this 

». maximum, if other conditions are normal, it may be assumed that no 

anchor ice exists and that the gage heights at or immediately following 
the tinie of maximum temx)erature are reliable. With this information 
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ayailable it is posaible to determine the corrections to be mad^ to 
the gage heights in order that they may be applied to the open- 
channel rating curve.. As a check on the gage corrections a numbeir 
of discharge measurements should » if possible, be made at different 
temperatures. < 

Qn:a stream with small slope the formation of anchor ice may 
create a reservoir in which a considerable part of the flow may for a 
time be stored. Discharge measurements made during that time will 
indicate a flow less than the natural flow of the river; but measure- 
meuts made while the anchor ice is going out, or after it has gone piit 
arid before the river has returned .to its normjal stage, will indicate a 
flow greater than the normal flow of the river, because of the. release 
of the water that had been held in storage by the anchor ice. It is 
doubtful whether any corrections can be determined and applied to 
discharge measurem;ents made under such conditions, which will reeur 
whenever anchor ice forjns at the gaging station or at points above. 
The measurements should if possible be made when the stage is normal.. 

If there is in the vicinity of the station a section in which the cur- 
rent is swift and the channel remains open all winter, a gage should 
be installed, as at many stations gage readings, in Open sections with 
high velocity will indicate the discharge during periods of extreme 
low temperature in which the regular gage,will be affected by ice. The 
flow at such stations should be computed from the observations at the 
temporary gage, but the station gage should be read regularly to obtain 
a record for comparison* 

Whenever possible stations for winter records should be established 
at the outlets of lakes or in the vicinity of large springs. The water 
at such places is usually at a relatively high temperature, and if rapids 
are present a site can usually be found at which the channel remains 
open throughout the winter, even during periods of extremely low 
temperature. 



COMPUTATION OF OTHER VALUES OF DISCHARGE AND RUN-OFF. 

The quantity of water flowing in a stream is expressed by various 
terms or units, each of which is associated with a certain class of work. 
These terms may be divided into two classes — those which represent a 
rate of flow, or the discharge, as second-feet, gallons per minute, miner's 
inch, and second-feet per square mile; and those which represent actual 
qutotities of water, or the run-off, as depth in inches and acre-feet. 
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UNITS OF DISCHARGE. 

The second-foot, — ^The standard term for expressing discharge is the 
second-foot. As the second-foot is a unit of rate of flow and is iii itself 
indefinite as regards duration* itmtigtbe used in coiWi^tion with soine 
unit 6f time, as a day, week, month, or yeal*, in which event the-^^rm 
means that for each second during the period of time selected the^flow 
averaged so many cubic feet per second. This has generally been con- 
sidered the fundamental unit of discharge and from it other terms of 
discharge and run-oflf are usually computed, the conversion to other 
units being a simple arithmetical process, usually made by means of 
tables specially prepared for the purpose. ' - 

OaUona per minvte. —^(illon& per minute is generally used in connect 
tion with pumping and city water supply. m • ; 

Miner^s inch, — The miner's inch is usually defined as the quantity 
of water which passes through an orifice one inch square under a fixed 
head, which varies locally. It has been commonly used by miners and 
irrigators throughout the West, and is defined by statute in many States. 
Owing to the confusion caused in measuring the miner's inch, an(d to the 
fact that as formerly defined by size of orifice and head it was not exact, 
it is now defined as a certain part of a second-foot, usually tV or ^, 

Second-feet per sqmire mile, — Second-feet per square mile is the aver- 
age number of cubic feet of water flowing per second from each square 
mile of area drained, on the assumption that the discharge is distributed 
uniformly both as regards time and area. It is found by dividing the 
mean discharge in second-feet by the drainage area. 

UNITS OF RUN-OFF 

Run-off in inches. — Run-oflf in inches is the depth to which a plane 
surface equal in extent to the drainage area would be covered if all the 
water flowing from it in a given period were conserved and uniformly 
distributed thereon. It is used for comparing run-oflt with rainfall, 
which is usually expressed in depth in inches. 

Acre-foot, — An acre-foot is equivalent to 43,560 cubic feet, and is the 
quantity required to cover an acre to the depth of one foot. It is com- 
monly used in connection with storage. There is a convenient relation 
between the second-foot and the acre-foot. One second-foot flowing 
for twenty-four hours will deliver 86,400 cubic feet, or approximately 
2 acre-feet. One acre-foot equals 325,851 gallons, or a million gallons 
is somewhat more than 3 acre-feet. 

On pages 201-203 are given conversion tables for the various units 
of discharge and run-oflf. 
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ACCURACY OF STREAM-FLOW DATA.* 

4 

DEGREE OF ACCURACY REQUIRED. 

The Iftws relating to many natural phenomena have been reduced to 
an ezaet science; those for many more are largely empirical and are 
based on experiments and assumptions which only approximate the 
truth. In the empirical class are included the laws of the science of 
hydrolasy and especially of that branch of hydrology whieh relatss to 
the flow of water in open channels. It is possible, nevertheless, by 
carefully considering the various factors, to reduce the incidental errors 
so that resulting records will be sufficiently accurate for the purposes for 
which stream-flow data are required. 

In most problems two degrees of accuracy must be considered, first, 
that which is practicable or possible to obtain j and second, that which 
is desirable or necessary. The obtainable accuracy of stream-flow data 
depends largely on the amount of money available for their collection. 
The desirable accuracy will depend on the proposed use of the data. 

VartaHom in maximumf minimum and mean discharges in second-feet of certain 

rivers. 
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Stream-flow records have three principal uses : First, in predicting 
future flow, generally in connection with the design of hydraulic works; 
second, in the immediate operation of hydraulic works, and third, in 
studying conditions of pa&t flow, usually in connection with the adjust- 



* See U. S. Geol. Survey Water-Supply Paper Ko. 9J. 
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nyeaiot water rights.- For the seeond and third uses, data as accurate 
as can be collected may be needed. In considering the first use, how- 
ever^ it should be remembered that both the total flow of a stream and 
its regimen change from year to year, and that the conditions exiting 
at any particular time may never recur. For this use, therefore, reason- 
aUy accurate records that extend over a considerable period are much 
more valuable for predicting flow than extremely accurate data covering 
a short x)criod. The preceding table of variations in discharge of a few 
tyiAcal streams shows the wide range of possibilities that must be con- 
sidered in designing hydraulic works for various purposes. 

CONDITIONS AFFECTING ACCURACY OF DAILY DISCHARGE RECORDS. 

The obtainable accuracy of records of daily discharge of a stream 
depends on — 

1. Permanence of the relation of discharge to stage. 

2. Probable error of the discharge rating curve. 

3. Refinement of gage readings. 

4. Frequency of gage readings. 

5. Methods of applying the daily gage heights to the rating table to 
obtain daily discharge. 

The conditions affecting accuracy may introduce errors which may be 
(a) consistently compensating, (6) consistently cumulative, or (c) alter- 
nately compensating and cumulative. Therefore care must \)e taken to 
determine the way in which the incidental errors affect the results. 

The study of the accuracy of records to be collected at any stream 
should begin with the selection of the site and continue through the 
establishment, maintenance, and operation of the station and the inter- 
pretation of the data, and not be left for determination after the estimates 
have been made. In other words, records should be collected with view 
to a desired degree of accuracy instead of leaving their accuracy to be 
determined after the field data are collected and estimates made. 

Permanence of the relation of discharge to stage. — The permanence of 
the relation of discharge to stage as determined by the control is a 
fundamental factor, as stated on pages 45 and 46, entering into the 
collection of records of daily discharge of a stream. The general char- 
acter of the control is determined by inspection. Its effectiveness, 
however, can be finally determined only by plotting the results of dis- 
charge measurements. If such plotting does not define a smooth curve, 
the inconsistency is due either to the instability of the control or to 
disturbing influences. If conditions at the control are unstable, the 
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accuracy of the record' will depend on the number of the disdhai^ 
measurements arid their distribution as to ti'me and staged - ' : ) :; 

Errors due to lack of permanence of the relation of discharge to stage 
may be either compenisating orcumiilative, accordiiig to the physical 
conditiond affck3ting the nattire and stability of the control. 

Probabh error of the discharge rating (ktrOe,- — ^The probable error of the 
discharge rating ctirve depends on the accuracy of the discharge measure- 
ments ahd the permanence of the control. If the Mation of discharge 
to £itia,ge were i)ermanent arid truly defined by the rating curve, arid the 
discharge measurements were absolutely accurate, a series of measui-e- 
ments for a station would plot on a smooth curve. Unfortunately, such 
ideal conditions do not exist; therefore, a series of measurements for a 
station will plot somewhat discordantly and the rating curve will be 
drawn among them in such a way as to represent average conditions. 
For permanent conditions of control with a good measuring section the 
variations of individual measurements from the mean curve should te 
comparatively small and as likely to be plus as minus. The probable 
error of a rating curve may be computed by the method of least squares 
and will be a factor in determining the probat)le errdr 6f the estimates 
of diaily' dif^charge. 

Errors in daily discharge resulting from errors ih the position of thfe' 
rating curve will be cumulative for any stage but may be partly com- 
pensating if the curve used lies first on one side and then on the other 
side of the true curve. 

Refinement of gag^ reading^. — Refinement of gage readings (pp. 106- 
106) affects the accuracy of stream flow data to a degree dependent on 
the sensitiveness of the station which, in turn, is determined by the 
control (p. 46). In general the more sensitive the station the more 
accurate the records that can be collected by ordinary methods and the 
less refinement necessary in the gage readings-. 

Errors due to lack of refinement in reading will generally be com- 
pensating, but they may be cumulative when fluctuations in stage are 
small during a considerable period or when due to systematic personal 
errors of the observer. 

Frequency of gage readings. — ^The frequency of gage readings is an 
important factor in accuracy of records of streams subject to considerable 
daily fluctuation in stage. To obtain a gage record of such accuracy 
that its use with the rating table will give the true mean discharge for 
the day the number of readings should vary, according to the nature of 
the fluctuations, from one or two daily to a continuous record obtained 
by some form of recording gage. The requirements for gage readings* 
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must be determined in advance for the operation of each station. 
Figure 38 shows daily yari^Jbipns in stage for typical streams. 

Errors due , to insufficient gage readings, may be cun^ulative or com- 
pe^^sating, or alternately one and the other, aqcording to the nature of 
the fluctuations in stage. 

Methods of applying the daily gage heights to the rating table, — ^The 
methods of applying daily gage heights to the rating table to obtain 
mean daily discharge are described on pages 104 and 105. The errors 
resulting from this operation will in general be cumulative, arid their 
magnitude will vary with the method used in making the computations. 

; ' ; AOCDRACY OF MONTHLY OR YEARLY MEANS. 

The foregoing discussion of accuracy relates only to daily discharge. 
For many uses the mean flow for longer periods may be sufficient. The 
monthly mean is in general use for hydraulic studies. If errors resulting 
from all causes in the estimates of daily discharge are compensating, the 
probable error of the mean monthly discharge will be much less than the 
probable error of the individual daily discharges. A careful analysis of 
the estimates of daily discharge and monthly means computed from them 
shows that large errors in the daily estimates may be so compensated 
that the errors in the monthly means are small. 

In this discussion of accuracy it has been assumed that personal or 
instrumental errors both in field and office are so reduced as to be 
negligible. In order that this assumption may be true, however, all 
operations connected with the work must be carefully conducted and 
instruments must be kept in proper working order. 

GRAPHICAL ANALYSIS OF STREAM-FLOW DATA. 

In most studies involving stream-flow data, graphical mejthods of 
analysis have been found to be serviceable. Common hydrographs, 
duration curves and summation hydrographs are in common use. The 
method adopted in any instance will depend largely on the character of 
the investigation. Following is a partial list of publications illustriating 
various graphitjal methods of analysis: 

Report on New York water supply, John R. Freeman, 1900. 
Water-Supply Paper 198, U. S. Geol. Survey. 
Water-Supply Paper 369, U. S. Geol. Survey. 
Colorado College Publications, General Series No. 67, 1911. 
-Engineering NewSj vol. 70, pp. 496 and 1290; vol. 71, p. 903. 
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American Civil Engineers Pocket Book, let edition. 

Water Power Engineering, Daniel W. Mead, 2d edition. 

Sixth Annual Report, New York State Water Supply Commisrion. 

Sixth Annual Report, Hydro Electric Power CommiBeaon of Ontario. 



COMMON HYBROORAPH. 

In order to show for comparative purx)08es the daily and seasonal 
distribution of flow of a stream, hydrographs (fig. 30) are prepared by 
plotting in order of occurrence the discharge for each day during the 
year and connecting the points so plotted by a curve. These curves are 
of use not only in studying the variations in flow iram year to year, but 
may also be used in storage problems, where the total quantity of water 
is an essential factor. 

DURATION CURVE. 

One of the first steps in investigations for developments that involve 
the use of water is the determination of the quantity of the available 
water supply, including the absolute minimum flow, the ordinary 

Discharge and horsepower table for Potomac River at Point of Rocks y Md., for 1904. 
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minimum flow, and the maximum flow. For each the duration as well 
as the quantity. o£ flow is important. In order that estimates may be 
reliable several years' records of daily flow should be available for study 
and comparison. 

A knowledge of the duration of the flow of various magnitudes is fre- 
quently of value. A yearly table of duration of flow may be constructed 
by arranging in parallel columns the values of the various dai]y flows 
in order of their magnitude and the number of days of the year on 
which etffcch flowoccurs, as shown in the table on page 126. The sum of 
the numbers in the* * * Number-of-days ' ' column up to any given flow 
will bci the number of days when the flow is less than that indicated in 
the " Discharge " column, or the number of days of deficiency. 

By plotting the discharge as abi^issas and the number of days of 
deficiency as ordinates, a curve (fig. 30) may be drawn showing the 
number of days in the year when the discharge is below any giyen 
quantity. The horsepower per foot of fall eorresjwnding to the various 
discharges may also be computed and tabulated. 

The duration curve is especially designed for use in studies where no 
storage is contemplated. If storage is to be utilized the order of occur- 
rence of the flows of various magnitudes is important. 



SUMMATION HYDROGRAPH. 

Summation hydrographs or mass curves furnish an effective means of 
making studies of stream-flow data in connection with questions of 
storage and use of water. The method appears to have been .first 
suggested by W. Rippl." 

In the i)reparation of a summation hydrograph of stream flow accumu- 
lated totals of run-off are plotted as ordinates and corresponding times 
as abscissas. The totals may be expressed in any unit of run -off. The 
unit of time will commonly be the month, although a longer or shorter 
period may be used. 

On plate VIII the broken line ACKGEB is a summation hydrograph for 
the South Branch of Zumbro River, Minn., from January 1, 1910, to 
April 30, 1912. The application of this hydrograph to the study of 
certain problems of storage on that river is shown by other lines and 
diagrams on the plate. In the construction of this hydrograph the 
monthly discharges for the period are tabulated in second-feet in column 
two of the following table : „ „ _ _ , _ . 

: T r ' 

* See Proceedings, Institution of Civil Engineers, vol. LXXI, 1883. 
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Diftta and comjmtatwM for iummation hydrograph for South Branch of Zumbro 

River, Minnesota. 
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■rhese discharges are converted to billions of cubic feet per month, 
shown in column three. After making allowance for evaporation losses 
from an assumed reservoir having 900 acres of water surface by use of 
columns four and five, the net monthly water supply in billions of cubic 
feet is shown in column six. The accumulated sums of the quantities 
in column six, shown in column seven, give the basis for the summation 
hydrograph which has the following characteristics : 

1. The total run-oflf from the beginning of the record to any date is 
represented by the ordinate to the curve for that date. 

2. The total run-oflP during any period of time is measured by the 
projection of the curve for that period on the run-off axis. 

3. The rate of flow at any time is indicated by the slope of the curve 
at its intersection with the time ordinate if values of daily run-off are 
used in making the summation. To determine this rate, draw a line 
tangent to the curve at that point, extending it across the space for one 
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month. The difference in intercepts on the run-off axis at the b^#- 
ning and end of month will give the total run-off in billions of cubic 
feet in a month if the rate were continued for that period. For con- 
venience in determining rates of flow the diagram in the upper left hand 
corner of Plate VIII has been prepared with lines corresponding to various 
rates of flow. The slope of any part of the curve can be compared 
readily with this diagram and the rate of flow read directly or inter- 
I)olated. 

4. The average rate of flow for any period of time can be obtained by 
determining the slope of the line connecting the ends of the curve for 
that period as explained under 3. 

5. The ordinate intercepted between the curve and a line connecting 
any two points on the summation hydrograph shows whether the total 
flow of the stream from the beginning of the period to the date indicated 
by that ordinate is greater or less than the total flow that would be 
produced during the same period by the rate of flow indicated by the 
slope of the straight line. If the ordinate is positive, i. e., measured 
above the straight line, it shows the amount by which the total flow of 
the stream is greater than that produced by the flow of the draft line; 
if negative, it shows the amount by which it is less than the quantity 
produced by the flow corresponding to the slope of the draft line. 

6. The amount of storage needed to equalize the flow for a given 
period of time can be determined from the summation hydrograph by 
connecting by a straight line the extremities of the hydrograph for the 
period and measuring on the scale of the ordinate axis the largest vertical 
distance between this line and the hydrograph. 

Gerard H. Matthes* gives the following principal uses which he has 
made of the summation hydrograph : 

1 . Study of relations between storage and draft for power purposes on 
one and the same stream. 

2. Same as before and in addition, relation with demands for irriga- 
tion interests below the ix)wer plant. 

3. Regulations of a river for power purposes, with a reservoir not on 
the main stream but on a tributary. 

4. Effect of regulating a river for the benefit of one power plant on 
the water supply of a similar power plant situated higher up the river 
but also below the reservoir. 

5. The same problem as before, except that the reservoir is not on the 
river itself, but on a tributary. 

6. Regulating a river to supply different rates of draft for diffe)*ent 

* Colorado Colleger Publication. General Series No. 57. 1911. 
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seasons of the year (it being assumed that in all the previous cases the 
draft was uniform). 

7. For determining the economical size of a reservoir, be it for power 
purposes or for irrigation requirements, and consequent height of dam* 

8. For studying the capacity of small terminal reservoir for i>eak load 
purposes. 

The use of the summation hydrograph in determining the extent to 
which the flow of a stream may be regulated during any given period of 
time is illustrated in the following discussion of Plate VIII. 

First consider the period January, 1910, to April, 1912. The average 
flow for this period is represented by the slope of the line AB which 
connects the ends of the curve for the period and corresponds to a 
uniform draft of 297 second-feet. The amount of storage necessary for 
equalizing the flow and thus maintaining a constant discharge of 297 
second-feet during the period can be determined directly from the sum- 
mation hydrograph by measuring on the scale of the ordinate axis the 
largest vertical distances Si and S2 that the hydrograph is above and 
below the draft line AB. The sum of the ordinates Si and S2 gives the 
minimum capacity of reservoir required for equalizing the flow. The 
ordinate Si represents a storage of two billion cubic feet and the ordi- 
nate 82, five billion cubic feet. The required capacity of the reservoir 
is therefore seven billion cubic feet. It should be noted that the ordinate 
Si, which is positive, i. e., measured above the draft line AB, represents 
storage that can be supplied from the flow during the period under con- 
sideration, while the ordinate 82, which is negative, i. c, measured below 
the draft line AB, represents a storage requirement which can not be 
satisfied by flow from the beginning of period to the date indicated by 
the ordinate and for which water must be stored prior to that time if 
the assumed draft is to be maintained. In other words, from January, 
1910, to September, 1911 (A to E), there was a total deficit of five bil- 
lion cubic feet, and in order to make it possible to obtain a uniform 
flow of 297 second-feet during this period there should have been five 
billion cubic feet of water in the reservoir on January 1, 1910. 

The distribution of the draft on this storage is shown by the storage 
curve, LMN, under the summation hydrograph. This curve is obtained 
by plotting the ordinates intercepted between the summation hydrograph 
and the draft line AB. Since it is necessary to have five billion cubic 
feet of water in the reservoir on January 1, 1910, the intercepted ordi- 
nates are plotted with reference to the storage line corresponding to five 
billion cubic feet. Positive ordinates are plotted above this line, and 
negative, below it. The storage curve shows : 
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1. That the five billion cubic feet of initial storage decreased to 4.6 
billion cubic feet on February 28, 1910. 

2. That the maximum storage in the reservoir occurred in March, 
1910, and amounted to seven billion cubic feet. 

3. That from April, 1910, to September, 1911, there was a draft on 
the storage until the reservoir was emptied in September, 1911. 

4. That after September, 1911, there was, in excess of the uniform 
flow of 297 second-feet, an accumulated storage amounting to five billion 
cubic feet in April, 1912, making the quantity of water in storage at the 
end of the period equal to that at the banning. 

The summation hydrograph shows that even though the total run-off 
from January 1, 1910, to April, 1912, was equivalent to an average flow 
of 297 second-feet, the distribution of the flow was such that even with 
an unlimited storage capacity the flow for the period could not have 
been regulated so as to yield 297 second-feet unless the reservoir con- 
tained five billion cubic feet of water on January 1, 1910, the begin- 
ning of the period under consideration. 

If, with the reservoir empty on January 1, 1910, an attempt be made 
to obtain as nearly a uniform flow of 297 second-feet as is possible, the 
result would be as follows: 

Prom January to February, 1910, the slope of the summation hydro- 
graph is less than that of the draft line AB and, as the reservoir is 
assumed to be empty, it would be impossible to obtain a flow of 297 
second-feet during that period. The most that could be obtained would 
be the actual flow of the stream which is equivalent to an average flow 
of 225 second-feet as shown by the slope of the line AC. At C the 
inclination of the summation hydrograph becomes greater than that of the 
draft line AB and the flow in excess of 297 second-feet will be stored in the 
reservoir. From C draw the draft line CD parallel to AB and extend it 
to D\ During the i)eriod included between C and D, a uniform flow 
of 297 second-feet can be obtained. At D the reservoir will be empty 
and from this date until September, 1911, the flow is less than 297 
second-feet. From October 1, 1911, to April, 1912, an average flow of 
297 second-feet can be obtained and, in addition, there will be five bil- 
lion cubic feet of water in the reservoir at the end of the i)eriod, as 
shown by the ordinate BE' intercepted between B and the draft line EE' 
which is drawn through E parallel to AB. The contents of the reservoir 
throughout the period is shown by that portion of the curve OPRSMN 
which lies above the zero line. The portions of the curve below the 
zero line indicate the periods and accumulated deficits when the flow 
was less than 297 second-feet. From Q to S this curve has been plotted 



Plate Viil. 



22 


1911 1912 
Jan. Feb. Men Ap» June July Aug. Sept. Oct. Nov. Dec Jen. fbbi Mar. Apr. 
31 28 31 iq 30 31 31 30 31 30 31 31 » 3l 30 










' 






. 














A 


f' 


?n 


























/ 


/ 


























/ 


y 




/■ 




1A 








, \ 












y 


/ 




1 


1 






















/ 


t 






T 






icfeet) 

5 














__^ 








^ 


^ 




y 














X 


r 


cr^ 




/ 




^ 


A 




1.4 










y- 








y 




^ 


y 






1 










> 






SZi/ 




y 


* 
















i; 








nf 
















JO '^ 
!: 10 






^ 


i 


v^^ 


''' 


.'-' 
^ 


1/ ' ' 
1/ ^ 




















i 


^ 




^ 


i'^ 


















i ^ 






r^ 


-^^ ^ 


x^ 






















Tl 




■ 


•3 8 

E 






























































A 
































































JL 






K, 


^ 






























/ 


Si 












• 












9 






/; 


^ 




























7^ 


^ 


^' 


SUMMATION HYDROGRAPH 
SOUTH BRANCH ZUMBRO RIVER 
ZUMBRO FALLS, MINN. 
Jan. I. I9I0 to Apr 30,1912 








A 


^ 


^ 
























A 






/ 














« 












i 

1 A. 


j^ 




/ 




• 




















N 






/ 






















/ 




S 9 




























/ 








9 


iC 


















/ 






^ 






/ 


X. 


'^^ 






/ 








^^^^ 








c 
p 


^m 




^ 


— — -. 


^. 




^ 


/ 
















"^ 


P 






















C.2 






























































*t3>A 








•v 


\_ 






















i 














^s,< 


1 

















DISCUSSION AND USE OF DATA. 133 

by use of the line CDD'. Similarly the curve MN was plotted by use 
of line EE'. 

If the reservoir is empty at the beginning of the i)eriod under consid- 
eration, the largest 'uniform flow that can be maintained is represented 
by the slope of the line of maximum slope drawn through, the initial 
point of the summation hydrograph and having no negative ordinate to 
the hydrograph. For the hydrograph under discussion such a line is 
AE corresponding to a uniform flow of 208 second-feet which may be 
obtained by a storage represented by Ss, 2.8 billion cubic feet, the 
maximum ordinate intercepted between the draft line AE and the sum- 
mation hydrograph. The variation in the contents of the reservoir is 
shown by the dotted storage curve. Beginning with an empty reservoir 
on January 1, 1910, the storage will reach a maximum of 2.8 billion 
cubic feet in May, 1910. After this month there will be a decrease 
until February, 1911, when a slight increase occurred. The reservoir 
became empty in September, 1911. 

In the above discussion it has been assumed that the capacity of the 
storage reservoir is unlimited. As a rule, however, the capacity is 
limited and any excess flow must be wasted. For example, the actual 
capacity of the available reservoir for South Branch of Zumbro River 
near Zumbro Falls, Minn., is 0.664 billion cubic feet. The extent to 
which the flow may be regulated by the most efficient use of this capacity 
can be determined by the summation hydrograph. Since the reservoir 
is empty at the beginning of the period it follows that the summation 
hydrograph must not fall below the draft line representing the proposed 
r^n^lated flow. From January 1 to February 28, 1910, therefore, the 
maximum uniform flow that can be obtained is 225 second-feet, the rate 
of flow represented by the slope of the line connecting A and C. Only 
a small storage capacity is required to obtain this flow as shown by 
the maximum ordinate intercepted between the summation hydrograph 
and the line AC. 

The maximum possible regulated flow from March 1, 1910, to Sep- 
tember 30, 1911, and the period or periods over which such flow may 
be maintained by the most efficient utilization of the entire capacity of 
the reservoir can be ascertained by trial as follows : 

At E lay off the ordinate EF equal to 0.664 billion cubic feet, the 
total capacity of the reservoir. From F draw the dotted line tangent to 
the summation hydrograph. The slope of this draft line represents a 
flow of 157 second-feet which is the maximum regulated flow that it is 
possible to obtain, provided it does not require a storage greater than 
the capacity of the reservoir. The period during which this rate of flow 
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would occur is that included between the extremities of the draft line. 
In order not to require a storage greater than the capacity of the reser- 
voir, the maximum ordinate intercepted between the draft line and the 
summation hydrograph must not exceed 0.664 billion cubic feet. This 
capacity is slightly exceeded in July and to a greater extent in January, 
1911. It is therefore not possible to obtain a flow of 157 second-feet 
because of insufficient capacity of the reservoir. As a second trial lay 
off at G the ordinate GH equal to 0.664 billion cubic feet and from H 
draw a line tangent to the hydrograph at J. It is evident from inspec- 
tion that the maximum ordinate intercepted between the hydrograph 
and HJ is HG, the capacity of the reservoir. Therefore from J to H it 
is possible to obtain a regulated flow represented by the Aope of HJ 
equivalent to 147 second-feet. Through G draw a line parallel to HJ 
and extend it back to intersect the hydrograph at K. The flow during 
the period indicated by thi^i line is sufficient to produce the regulated 
flow of 147 second-feet. 

The regulated flow which may be obtained during the period G to E 
is represented by the slope of line GE which is equivalent to 166 second- 
feet. The storage required for this flow does not exceed the capacity of 
the reservoir, since the maximum ordinate intercepted between the 
draft line GE and the hydrograph does not equal the storage capacity 
of the reservoir. 

The variation in the contents of the reservoir during the above regu- 
lation is shown by the storage curve which is shown by the broken line 
OQTM. After a slight storage in January, 1910, the reservoir became 
empty in February. During March the reservoir filled rapidly and 
remained full, water being wasted, until May. From this date the 
storage decreased until the reservoir became empty in January, 1911. 
Storage then increased to a maximum of about 0.39 billion cubic feet in 
March, 1911. The reservoir became empty in July and again in Sep- 
tember, 1911. 

ESTIMATING STREAM FLOW. 

The engineer must often estimate the flow of streams of which few if 
any measurements of discharge have been made. The basis for such 
estimates of discharge and run-off may be (a) short time records in the 
basin ; (b) records of precipitation and information in regard to other 
factors affecting stream flow ; and (c) records from adjacent basins with 
which comparison may be made. At best such estimates are only 
roughly approximate and they should take account of all available infor- 
mation. 
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in planning a project depending for its success on surface waters, the 
Goilection of systematic records of flow should be begun as soon as pos- 
sible, if such records are not already available. In general, the time 
required for bringing a project to the stage of financing and construction 
is suflScient to permit the collection of records adequate to serve as a 
basis for checking the estimates of water supply for the enterprise. 
Preliminary estimates will therefore be confirmed or refuted before any 
considerable investment is made. 

The first attempt to present to engineers a rational basis for estimates 
of stream flow was made by P. H. Newell about 1890.* He prepared 
two curves showing a relation between rainfall and run-oflf, one for 
streams in mountainous regions, the other for streams draining basins 
characterized by broad valleys and gentle slopes. These curves show 
the relation indicated only in a general way and can not be safely relied 
on for estimating water supply. Many methods for estimating stream 
flow have since been outlined, the best being contained in a paper by 
Adolph F. Meyer ^ — "Computing run-oflE from rainfall and other physi- 
cal data." In general, Mr. Meyer's method is designed for the exten- 
sion of short time records of run-oflE by the use of longer records of 
climate. The extended estimates of run-oflf are obtained by subtracting 
from the recorded rainfall computed losses by evaporation from water, 
snow, ice, and land areas. A careful study of Mr. Meyer's paper is 
recommended to those who have occasion to estimate stream flow. 

A comparison of short records of discharge in a basin, with long 
records of precipitation is of value in determining whether the available 
records of discharge represent conditions of high, low, or mean flow, 
even if no attempt is made to extend the actual record. The futility of 
estimating run-oflf by taking flat percentages of rainfall is illustrated by 
the tables on pages 160 to 163. 

A simple method of estimating stream flow is to determine from 
records of other streams the probable discharge and run-oflf per square 
mile from the area under consideration. This, multiplied by the drain- 
age area, gives the discharge. Such comparisons can be safely made, 
however, only when the streams used are situated in the same section 
of the country and are similar in size and character. 

When few measurements are available, coefl&cients may be determined 
by means of which discharge may be estimated from the records for an 
adjacent drainage area. Plates IX and X show in a broad way the 
rainfall and run-oflf throughout the United States. As stated on page 

"U. S. Geol. Survey, Fourteenth Ann. Report, 1892-3, pp. 149-153. 

^Transactions American Society of Engineers. Paper No. 1.048. Vol. LXXIX, page 1066(1915). 
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156, from 19 to 28 inches of rainfall is required to satisfy evaporation 
and other losses. In areas in which rainfall is less than about 20 inches 
there is, as a rule, no run-ofiF except during short periods of great pre- 
cipitation, and for such areas only approximate estimates of run-off c^tn 
be made. It should be noted that Plate X shows only general condi- 
tions and is not intended for use in estimating available water supply. 



WHERE STREAM-FIX)T¥ DATA CAN BE FOUND. 

As a result of studies by the Federal Government, by States, by 
special commissions, and by individuals, information in regard to 
stream flow and other water resources is now available for nearly all 
sections of the country. This information is contained in publications 
that should form a part of every engineer's library and it should be 
freely used in order to avoid duplication of work. 

The principal agencies that prepare and issue publications relating to 
water resources are — 

1. United States Geological Survey. 

2. United States Census. 

3. United States Weather Bureau. 

4. Corps of Engineers, United States Army. . 

5. State officials. 

6. Special commissions. 

7. City officials. 

United States Geological Survey, — The United States Geological Survey 
has for many years carried on systematic measurements of flow of 
streams and publishes annually a report of the results of such measure- 
ments. In connection with this work it has made surveys of river 
profiles, studies of the quality of water, and investigations of related 
subjects, and from time to time has published special reports which 
either bring together all the data for particular drainage areas or discuss 
important hydrologic problems. Most of these reports are published in 
the series of water-supply Papers. 

United States Census. — A report on the water powers of the im- 
portant rivers of the United States was prepared and published in 
volumes 16 and 17 of the Tenth Census. During and since the Census 
of 1900 schedules have been prepared at each 5-year i)eriod showing the 
amount of water power utilized in the United States. 

United States Weather Bureau. — Data in regard to precipitation, 
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evaporation, and other factors affecting the run-off of streams, are col- 
lected by the United States Weather Bureau, and published in the 
Annual Report of the Chief of the Weather Bureau, in the ''Climate 
and Crop Reports," in ** The Weather Review," and in special bulle- 
tins. 

The Weather Bureau also maintains a '* flood service,*' in connection 
with which records of daily fluctuations of river stage are collected at a 
large number of stations. These records have been printed under the 
title ** Daily River Stages." 

Corps of Engineers^ United States Army. — ^The Army Engineers have 
investigated extensively the flow and slope of many of the larger 
rivers in the United States, including the Mississippi, Missouri, Niagara, 
and St. Lawrence. Data collected in these investigations are published 
in the annual reports of the Chief of Engineers and in reports of officers 
and special commissions working under the direction of the Chief of 
Engineers. The Army Engineers also have a large amount of manu- 
script data relative to the various streams. 

State officials. — Much information has been collated and published 
by various States. In many States the State Engineer has charge 
of the collection and publication of the data; in others the work is 
carried on by the State Geologist or special commissions. 

Special commissions. — Many problems relating to water resources 
have been investigated by commissions appointed by Federal, State, or 
city governments. Reports of such investigations are usually published 
and thus made available. 

City officials. — Nearly all large cities have investigated and reported 
on local water supplies. These reports may usually be obtained by 
applying to the city engineer. 

How to obtain Government publications. — Most Government publications 
may be obtained or consulted in the following ways : 

(1) A small number of every report is delivered to the department 
under which the work was done. Copies of these reports may be ob- 
tained either free of charge or for a nominal sum by applying to the 
department publishing them. 

(2) A certain number of each report issued is allotted to each member 
of Congress for personal distribution. 

(3) Other copies are deposited with the Superintendent of Documents, 
Washington, D. C, from whom they may be purchased at cost of pub- 
lication. 

(4) Copies are furnished to the principal public libraries in the large 
cities throughout the United States, where they may be consulted. 
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REPORT WRITING. . , . 

The ability to write a clear, concise and comprehensive report contrib- 
utes largely to the success of an engineer. Such ability, although 
relatively rare among engineers, can be acquired by giving propier atten- 
tion to a study of (1) the purpose of a report, (2) the information to be 
included, (3) the method of presenting the information, and (4) the 
form of the report. 

The <luties of an engineer extend beyond his study of the physical 
features relating to an enterprise and include questions of administra- 
tion, operation, economics, and finance, and even questions pertaining 
to the relation of the enterprise to the community. An engineering 
report, therefore, may and often must discuss all these related factors 
on which success may depend. 

Broadly, the requirements of a successful reporting engineer are : 

1. To see and evaluate possibilities. 

2. To fornaulate features of design. 

3. To estimate with reasonable accuracy the cost of construction. 

4. To analyze and to appraise properly the market, industrial and 

social conditions. 

5. To prejmre a clear and concise statement covering the essential 

features of a project. 

6. To draw sound and definite conclusions. 

Stream -flow records and allied data form an important part of reports 
that discuss the use of water, and the engineer who collects or uses these 
data should therefore be able to present them clearly in a report con- 
taining complete information in regard to the project for which they 
have been compiled. 

PURPOSE OF A REPORT. 

Engineering rejwrts may be divided into two classes — administrative 
and technical. 

The object of an administrative report is to present information in 
regard to progress or status of investigations, development, or operation, 
in order that interested persons may be informed of its progress and 
that a permanent record may be made of the condition of the work at 
stated intervals of time. 

A technical report may pertain to investigations of a project, to its 
development, to the operations of a going concern, or to a completed 
structure. Its object may be to present the important facts and con- 
clusions pertaining to the physical or financial practicability of a project 
or to the economics of a going concern, for the consideration of persons 
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interested in the construction, operation, financing, or control of the 
enjljerprise; or the report may be made primarily to record permanently 
the information obtained. 



INFORMATION TO BE INCLUDED IN A REPORT. 

An administrative report should contain statements in r^;ard to per- 
sonnel, finances, progress of "work, and like features, or to the factors 
and conditions affecting these features. If lengthy discussions of 
details are necessary, they should be presented in separate reports or 
appendixes. 

Technical reports should contain statements of the technical and re- 
lated features of the project or development and the conclusions derived 
from the statements. Every report should include — 

i . An introduction stating the object of the rejwrt and giving a gen- 
eral description of the project or development and the sources of infor- 
mation. 

2. A presentation, in the body of the reix)rt, of all important facts 
necessary to show the physical characteristics, feasibility, and estimated 
cost of the project, and its value when completed, as well as the elements 
pf stability or of the risk involved, the nature of the presentation de- 
pending on the character of the enterprise. Complete statements rela- 
tive to nil factors affecting the project or development should be given, 
together with sufficient information to indicate the reliability of the 
data on which the conclusions rest. 

3. The conclusions which should show concisely the results of the 
analysis of the data presented in the body of the report and the recom- 
mendations based on those conclusions. The report should be dated 
and signed on its final i)age, or a dated letter of transmittal, bearing 
the signature of the author, may be prepared. 

Each report should include a title page, a table of contents, a list of 
illustrations, a list of tables, if necessary, and, if the report is long, an 
index. Long reports should be prefaced with an abstract of not more 
than two pages presenting the salient facts and conclusions. Related 
data or discussions not essential to a clear understanding of conditions 
but necessary as a basis for statements made in the report or for a 
detailed and critical analysis should be presented, if at all, in appen- 
dixes instead of in the body of the report. 

As a basis for writing a report, an outline should be prepared and, 
to guard agrinst omissions in estimates, a drawing of this or a similar 
enterprise showing every possible variation should be followed. 
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METHODS OF PRB8BNTING INFORMATION. 

Information can be presented in three forms — text, tables, and illus- 
trations. 

All data to be used in the report should be carefully studied in order 
to determine which of these three forms affords the clearest and best 
method of presentation. Choice should be made primarily from con- 
siderations of conciseness and clearness, but the ability of the probable 
readers of the report to understand one or the other of these forms must 
also be considered. 

Text, — ^The matter of the text should be presented in logical order 
and in simple and concise language. It should be divided into topics 
designated by center and if necessary by side headings under which the 
matter should be appropriately divided into paragraphs. References 
to information outside the report or to authorities cited should be made 
by footnotes. Citations of data within the report should be made by 
cross references, giving page numbers. Direct quotations should be 
exact as to wording, but errors in punctuation and other obvious 
printer's errors should be corrected. Proper credit for quotations, 
either direct or indirect, should be given either in the text or in foot- 
notes. 

Tables. — ^Tables offer a convenient and effective method of presenting 
statistical data and may also be used to present facts that are common 
to several units or groups, in order to disclose common or special char- 
acteristics or to make desirable comparisons. For example, the indus- 
trial or other features of the cities of a State may be presented more 
effectively by grouping them in tables under appropriate headings than 
by describing them in text. Tabular arrangement of information is 
illustrated in Plate VII. 

All headings for tables should be clear and concise. There may be 
a choice not only as to the wording of headings of columns but as to 
their grouping as side heads or top heads. A proper choice of these 
headings may make it possible to combine two tables in one, or to pre- 
sent a table in more condensed and convenient form. A transposition 
of side and top heads may improve a table both in appearance and in 
clearness. Examples of the use of tables are snown in this book. 

Each table should have an appropriate title and in some reports the 
numbering of tables may increase the ease and definiteness with which 
references may be made to them. 

lllustraiions, — ^Illustrations may be used to amplify the text or tables 
or as an independent means of presenting information. In general, 
they may be grouped in two classes — photographs and drawings. Pho- 
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tographs may show either general features or details of specific features. 
Drawings may be used to present data graphically or plans of features 
of the work, or, as maps, to show the locality and the positions of 
important features. A number and appropriate title should appear im- 
mediately below each illustration. The title of a photograph should 
always include the date on which it was taken. 

FORM OF A REPORT. 

All material in the report should be bound in regular book form. 
The first impression made by a report — a result of its general appear- 
ance — may determine its effect on the reader, and the ease with which 
it can be handled, read, and studied — a result of its general arrange- 
ment and make-up — may determine to a large extent its value and 
usefulness. 

The manuscript should be typewritten on letter paper, with liberal 
margins and preferably with no visible corrections either by typewriter 
or pen. Except for quotations and tables, which may be single spaced, 
the lines should be double spaced. Pages should be numbered in the 
upper right hand corner. Tables and illustrations should be inserted 
in the text at or immediately after the place of first reference to them. 

Not only the title page but the first page of text should bear the title 
of the report and the name of its author. A blank page should precede 
the title page and follow the last page of the report. 

So far as ix)8sible, tables and illustrations should be reduced to the size 
of a page. If this is impossible, the sheet should not exceed twice the 
height of the page, as only one horizontal fold can be conveniently handled 
in a bound report. The length, however, is not thus limited as the bel- 
lows system of folding permits the ready use of several vertical folds. 

So far as possible all drawings should be bound in the report but large 
sheets that must be folded horizontally more than once may be more 
conveniently used if placed in a pocket portfolio accompanying the report. 
A careful study of scales and a proper arrangement of matter may enable 
the writer to present information on sheets that may be bound in the 
report. Under no consideration should rolls of drawings accompany a 
report, as they are inconvenient both for handling and filing. 

MEASUREMENT OF DRAINAGE AREAS FROM MAPS. 

In many hydrologic studies it is necessary for the engineer to measure 
the areas of drainage basins. Tables accompany most planimeters, giv- 
ing either (1) the proper settings so that the planimeter will give the 
area directly for maps of various scales, or, (2) the settings so that 
the readings will give square inches and coefficients to be used in con- 
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nection with maps of various scales for reducing these readings to 
square miles. In measuring drainage areas, however, it is more satis- 
factory to calibrate the planimeter, with the arm at any setting, directly 
from the map on which the area is to be measured rather than to use 
those tables. This method is applicable to maps constructed either on 
the Mercator or on the polyconic projection. By it considerable time is 
saved in making the measurement and greater accuracy is obtainable, 
as errors due to shrinkage or stretch of paper and those due to the 
planimeter itself, are eliminated. 

The calibration is readily made by determining the number of revo- 
lutions of the planimeter wheel for a quadrangle of equal extent in 
latitude and longitude for which the area is given in standard tables 
similar to those shown on pages 143 and 144. The area at the given 
latitude corresponding to a revolution of the planimeter wheel for the 
map used, may then be determined by dividing the area of the meas- 
ured quadrangle by the number of revolutions of the planimeter wheel, 
thus calibrating the instrument for that latitude and map. 

In the calibration a quadrangle should be chosen, the middle parallel 
of which passes approximately through the center of gravity of the area. 
This is necessary in order to equalize the variation in area due to differ- 
ences in latitude. In case the area extends over several degrees of 
latitude, it may be necessary to divide it into two or more parts and 
calibrate the planimeter for each i)art. 

In determining an area it is necessary to measure only the portions 
which do not occupy full quadrangles as the areas for full quadrangles 
can be taken directly from the tables. 

In using the planimeter, start at any observed wheel reading, without 
attempting to set the arm at zero. Move the jwinter around the area 
in a clockwise direction and observe the final wheel reading. Change 
the position of the planimeter wheel on the paper, observe the initial 
reading and move the pointer around the area in a counter-clockwise 
direction and observe the final wheel reading. The differences between 
the initial and final readings in the two runs respectively should be very 
small and their mean will be the mean reading for the area. The 
double tracing of the area in this manner gives a check on the reading 
and when applied as explained removes the error due to lag of the 
instrument. 

In some cases it is convenient to calibrate the planimeter, using the 
area of a State or county instead of the area of a quadrilateral. Areas 
of quadrilaterals of various sizes may be found in ** Geographic Tables 
and Formulas," United States Geological Survey, from which the tables 
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on pages 143 and 144 have been obtained. Standard areas of various 
States are given in Bulletin 802, United States Geological Survey, and 
areas of counties can be obtained from Rand and McNally Atlas maps. 

Unfortunately, in measuring drainage areas in many sections of the 
country, maps of sufficient detail are not available for determining 
accurately the boundaries of the areas. In general, maps from various 
sources may be rated as to reliability in the following order: 

(1) Results of special detail surveys. 

(2) Topographic sheets. United States Geological Survey. 

(3) United States Land Office maps. 

(4) United States jwst route maps. 

(5) Rand and McNally Atlas maps. 

(6) Miscellaneous State and county mai>s. 



LOGARITHMIC PLOTTING. • 

In ordinary plotting, the co-ordinates or distances from the axes rep- 
resent values of the variables. In logarithmic plotting, the co-ordinates 
represent values of the logarithms of the variables. 

Thus figure 31 is the result of plotting directly the following simultan- 




o Values of X 



F:g. 31. 



• .. 



" Hydraulic Laboratory Manual." by Professors Ernest W. Schoder and Kenneth B. Turner, 
Cornell University. 
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eous values of X and F, the plotted i)oints having been joined by a 

smooth curve: 

X Y 

.50 .162 

.90 .45 

1.20 .74 

1.60 1.22 

2.00 1.80 

Let us now tabulate the logarithms of the above values. 

Log X Log Y 

9.6990(— 10) 9.2095(— 10) 

9.9542(— 10) 9.6532(— 10) 

.0792 9.8692(— 10) 

.2041 .0864 

.3010 .2553 




jLogX 
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It should be noted that the logarithms of numbers less than 1 are 
negative. Instead, however, of writing the logarithm of 0.50 as — 0.3010 
(i. e. log \f=Q — 0.3010), we change it to a whole negative number plus a 
positive decimal, i. e, either to — 1+0.6990 (because log tV**0.6990 — 1), 
written 1.6990, or to 9.6990—10 (the —10 being usually omitted in 
writing, but always understood). 

In figure 32 these simultaneous values of the logarithms are plottied. 
The numbers marked along the axes to the left of and below the origin 
are in accordance with the usual scheme of writing the negative loga- 
rithms. 

In figure 32 the plotted i)oint8 give a straight line, while in figure 31 
with the direct plotting of the simultaneous values there is obtained a 
curve resembling a parabola. Herein appears one advantage of loga- 
rithmic plotting. In figure 31 we have no ready means of determining 
the equation of the curve, but in figure 32, since we have a straight line, 
the equation can be found readily as follows: 

The equation of a straight line is of the form 

y=ax+b (1) 

where a is the slope of the line and h is the intercept on the Y axis, t. e. 
when x=0, y^h. So, by measuring the 8loi)e (the tangent of the 
angle made with the X axis) and the intercept, we can write out the 
correct equation of any straight line. 

It is to be noted that the slope of a line may be negative as well as 
XX>8itive. If the line is in the second and fourth quadrants the slope is 
negative. Or, from another standpoint, when y increases with an 
increase in x the slope is positive and when y decreases with an increase 
in X the slope is negative. 

Now, if we know, or assume, the equation 

r=mX. (2) 

we may write also 

{log Y) ^nilog X)+(log m) (3) 

because if quantities are equal, thpr logarithms are equal. 

Equation (3) is of the same form as (1), i. e. a straight line equation. 

In (3) the slope of the straight line is n and the intercept on the (log Y) 

axis is (log m) i. e. when (log X)=0, (log Y)'^(log m). Hence an 

equation like (2), which gives a parabola-like curve when corresiX)nding 

values of -^and Fare plotted, gives a straight line when the logarithms 

of Xand Fare plotted. Conversely, when the logarithms of -^and Y 

have been plotted, and the points found to lie on a straight line, we 

know that the equation is of the form 
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the slope of the line being equal to the exponent n and the intercept on 
the (log Y) axis being equal to (log m) . To find m when (log m) is 
known«a table of logarithms is used. 

The above reasoning holds good for all real values of the exponent w, 
whether positive or negative, whole number or fraction, m is assumed 
to be iK)sitive, as it usually is in equations that occur in engineering. 
We deal with only positive values of the original variables, X and Y, 
since the logarithm of a negative number is an imaginary quantity. 

With the above facts demonstrated we can proceed to write the equa- 
tion of the line in figure 32. 

The slope is -^-=1.75. (See Fig. 32.) The intercept on the (log Y) 

axis is negative and by the chosen scale the distance below the origin 
equals — 0.277, or, by the system of representing negative logarithms, 
it equals 9.733( — 10) as may be read directly on figure 32. Therefore 
the equation of the straight line is 

(log Y)^1.75(log -T) +(9.733—10). 

Taking the anti-logarithms of both sides, we have 

Y^OMX^'^ , 

which is the desired equation in terms of Xand F, the original variables. 

Let us now make use of logarithmic scales along the axes of figure 32, 
(See Fig. 33), and note the results. 

On a logarithmic scale the divisions and marking are such that a 
division with some particular number represents (by its distance from 
the starting i)oint) the logarithm of that number, just as on the common 
slide rule. Figure 34 shows an equal division scale and a logarithmic 
scale side by side. A careful study of these scales in their relation to 
each other will fix in mind the principle involved. 

So by using the logarithmic scales it is not necessary, for instance, to 
scale off the intercept, as was done in figure 32, and then to look up the 
corresponding number in a table of logarithms. In figure 33 on the 
logarithmic scale at the left, horizontally opposite the intersection of 
the sloping line with the (log Y) axis, we see the division representing 
0.54. This is the same value of m previously obtained by the longer 
roundabout method. 

So also in figure 33, opposite each plotted point, we see, on the left and 
bottom logarithmic scales, the divisions representing the values of 
Xand F given at the beginning of this discussion. It thus appears 
that the logarithmic scales enable us both to plot in proper position the 
logarithms of given numbers without using a table and also to read off 
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directly the number whose logarithm is represented by a given distance, 
€. g. an intercept. 

Hence for purposes of logarithmic plotting we do not need the equal 
divisions along the axes, as in figures 32 and 33, but can advantageously 
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Logarithmic scale. ValuaaofX 



Fig. 83. 



substitute the logarithmic scales. This brings us to the method of 
ruling Logarithmu: Crosa-Section Paper or a Logarithmic Diagram. As 
ordinary cross-section paper is made by drawing two sets of lines, equally 
spaced, perpendicular to each other, so logarithmic paper is made by 
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.01 



6A 

e.7 

ao- 

9^ 

U 

SJi 
9.6 
9.7 
93 
93 

ao 

ai 
a3 

OA 

0.6. 

0.6 

0.7 

OA 

0.9 

1.0 

I.I 

1.2 
1.3 
\A 
1.5 
1.6 
1.7 
1.6 
1.9 

zo- 

2.1 
2.2 
2.3 
ZA 
2.5 
2.6 
2.7 
2.6 
ZS 



=-.03 



— .06 



r-.06 
=-.0.1 



0.2 



r-0.3 
i-0>4 



— 0.5 
r-0.6 

- 0.6 



r-l 



>jOI drawing two sets of lines spaced according to a 

logarithmic scale. 

The "base" of sach paper, and of a loga- 
rithmic scale in general, is the distance represent- 
ing 1.0 in logarithms. Thus the "base" of the 
lower scales on the common 10-inch slide role 
is 10 inches (sometimes 25 centimeters). The 
"base" of the upper scales of the slide rule is 5 
inches. 

A logarithmic scale has the same salient fea- 
tures as a common logarithmic table. Thus a 
table of logarithms contains the logarithms of all 
numbers between 1 and 10, advancing by inter- 
vals of, €. p., .01 or .001 or .0001, etc. We con- 
sider such a table complete, but really it is not, 
because we modify the tabular logarithms by 
adding or subtracting one or more whole units 
(the characteristic) whenever the number is more 
than 10 or less than one. Under the same con- 
ditions we may consider a logarithmic scale to be 
complete when its divisions extend from 1 to 10. 
We can provide for the position of the decimal 
point by shifting one "base" length for each 
place that the decimal point is moved, because 
changing the decimal point one place on a num- 
ber changes its logarithm by 1.0. Then on a 
logarithmic scale the xx)sition of the division 
representing the number would be moved one 
"base." 

But in plotting we do not wish to bother with a 
scale that must be shifted about on the paper. 
The paper should be ruled so it will furnish its 
own scale at all points. Evidently, then, loga- 
rithmic scale cross-sections consist of a succession 
of panels one base square. All panels are ruled 
alike, just as on the upper scales of a slide rule 
the right half is a repetition of the left half. The 
logarithmic scale in figure 34 illustrates a suc- 
Fio. 34. cession of five base distances each divided alike, 

and giving a range of values from .01 to 1000. 
It appears from figure 33 that the axes are situated where the logarith- 
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mic scales are marked 1. This is so because (log 1)"-K). So on loga- 
rithmic paper the line for (log JQ^O is marked with the value of X^ 
1. Therefore on logarithmic pai)er, in plotting lines from equa- 



viz. 



tions or finding equations from plotted lines, the origin always is at the 
intersection of the lines marked 1, and the intercept is to be taken on 
the Faxis, which is the line marked X"-l. 
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Fig. 86. 



Of course on the unused sheet of logarithmic cross-section paper there 
is a division marked 1 every base distance along all four edges. We 
can choose any one of these for the unity value depending on conven- 
ience and the range of values it is desired to represent. After this we 
must properly place the decimal points on the printed numbers of the 
unused sheet. The lines one or more * * bases * * to the left or right of 
the Faxis represent (log X)=— — 1, — 2, etc., or +1, +2, etc., and the 
markings are to be changed respectively, to 0.1, .01, etc., 10, 100, etc. 
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In short when we have selected an origin we must use it and no other 
during the whole calculations. Decimal points are not to be disregarded 
any more than on the slide rule. 

In figures 35 and 36 are shown logarithmic plottings of three equations. 
The only difference between the figures is that the background in figure 
35 is composed of equal division cross-section lines as on ordinary cross- 
section paper, while the background in figure 36 is comi)osed of lines 
ruled according to a logarithmic scale as on logarithmic paper. 
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Fig. 36. 



The equations in terms of A!' and Y, are respectively: 
(Full line), y^0.166A^^^^ 

(Dotted line) , F— 1 . 26X • * * ^ 

(Dashed line), F-0.282J^-^ ^ '= %?ti ' 

These equations are read directly from figure 36, or indirectly from 
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figure 36 by first writing out the straight line equations of the loga- 
rithms, namely : 

(log r)— 1.72 (log X) + (9. 22— 10). 
(log r)-0.65 (log ^)+0.1. 

(log Y) 1.11 (log X)+(9 A5— 10), 

By taking the anti-logarithms of each side of these equations we obtain 
those given above. The advantage of using the logarithmic i)ai)er is 
obvious. 

It is to be noted that the slope of a line on logarithmic paper is a 
ratio of two distances^ and that these distances must be measured with 
an ordinary scale, not with the logarithmic scale of the paper. 

Following are a few relations involving powers and roots, and in the 
representation of which logarithmic plotting is useful : 
Plow in pipe: — 

^ ^ d 2g ^ d''^' ^ ' 

Flow in open channel : — 

Velocity of jet : — 

V-^CV^gh'. 
Head corresponding to velocity : — 

Power in a nozzle stream : — 

^- 2g- 



CHAPTER VI, 

HYDROLOGY AS RELATED TO STREAM FLOW. 

Water in its ceaseless round from atmosphere to earth and return, in 
its courses over or through the land or through animal or vegetable 
life, affords an endless number of interesting problems for study. It 
occurs in three forms — ^vapor, liquid and solid. It is distributed in the 
air as vapor or as clouds; on the surface of the earth, in running 
streams, ponds, lakes, the ocean, or frozen as ice or snow, and in plant 
and animal life; and in the ground as permanent or temporary ground 
water. 

The science of hydrology relates to the occurrence of water in Nature. 
It includes a knowledge of the phenomena which pertain to and affect 
its api)earance in the air, on the surface of the earth, and in the ground, 
together with its chemical and physical properties. The interrelation of 
the various phases of hydrology makes its study complex; consideration 
of any one phase necessarily involves practically the whole subject. In 
this discussion, which pertains principally to stream flow, there will be 
considered the conditions affecting the quantity and distribution of 
water from the time it reaches the earth in some f6rm of precipitation 
until it flows into the ocean or is returned to the atmosphere. Knowl- 
edge of these conditions is necessary for the proper consideration of 
problems involving the economic utilization of water. 

The water in surface streams is derived primarily from precipitation 
and represents that part of the precipitation that is left after evapora- 
tion, vegetation, seepage, and other losses have been satisfied. It reaches 
the streams either directly, by flow over the surface of the ground, or 
indirectly, by passage through the ground. The division of precipita- 
tion between surface and ground flow will depend largely on the inten- 
sity of precipitation. In general, the water of floods is derived from 
surface flow and that of medium and low stream stages from ground flow. 

The factors that determine the quantity and distribution of water in 
streams include climate, vegetation, topography, geology, geographic 
location, and the works of man. Of these factors topography, geology 
and geographic location are practically permanent ; the other three vary 
from time to time. The effects of these factors can not as a rule be 
differentiated, the laws governing them have not been fully developed, 
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and in general their magnitudes are not demonstrable ; tendencies only 
can be discussed. They affect stream flow, however, in one or both of 
two ways, first, in the total yield and, second, in the seasonal distri- 
bution of run-off or the regimen; any factor may affect the flow directly 
or it may ox)erate indirectly by its influence on one of the other factors. 

It is noteworthy that whereas the climatic factors — esx)ecially precipi- 
tation and evaporation enter largely into the distribution of run-off, 
they also practically determine its total amount. The other factors, 
except as they affect climate, exert their influence principally on the 
distribution of flow and only slightly on the total quantityn)f discharge. 

CLIMATE/ 

Both the total flow of a stream and its distribution depend largely on 
climatic conditions. Precipitation, evaporation, temperature, wind, 
and humidity are the princiijal climatic factors. 

In general, climatic conditions are determined chiefly by latitude, the 
relative distribution of land and water, the elevation of the land surface 
above sea level, and the prevailing winds which closely follow changes 
in barometric pressure. 

PRECIPITATION.** 

All water that api)ears in streams has at some time been condensed 
and precipitated from the atmosphere. The quantity, intensity, and 
distribution of precipitation are therefore principal factors determining 
the quantity and distribution of run-off. The effects of precipitation 
on stream flow are shown directly in the flow itself, but they are modi- 
fied more or less by all the other conditions that affect stream flow. 

For areas of considerable magnitude having sufficient precipitation to 
satisfy natural losses, the portion of precipitation available for stream 
flow depends on the magnitude of the losses through evaporation, vege- 
tation, and seepage — ^losses that for a given locality are fairly constant 
and have been found to aggregate normally in the United States between 
19 and 28 inches annually, the quantity depending on the length of the 
growing season and not on the amount of precipitation. Any locality 
in which the rainfall is less than is required for normal losses is non- 
productive in stream flow except when excessive precipitation is tem- 
porarily greater than the losses. 

Plates "" IX and X illustrating graphically the average precipitation 

' " Climatolosry of the United States," by Alfred Judson Henry. Bulletin Q.. U. S. Weather 
Bureau, is an exhaustive treatise on this subject. 

^ Measurement of Precipitation. U. S. Weather Bureau Circular £. No. 446, describes methods 
of collectinir records of both rainfall and snow. 

*^See Water-supply Paper No. 301, U. S. Geol. Survey. 
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and the average run-off in the United States, show that the average 
run-off in most of the region east of the Appalachian range is between 
20 and 80 inches. The rainfall in this area generally varies from 40 to 
50 inches. West of the Appalachian Mountains, to the center of the 
Mississippi Valley, the run-off gradually decreases to about 10 inches 
and the rainfall to 30 inches. At the 99th parallel the run-off is about 
3 inches and the rainfall less than 20 inches. From the 99th parallel 
to the Sierra and the Cascade ranges the rainfall, except on the high 
mountains, is less than 20 inches, and the annual run-off is less than 3 
inches. In general, the streams in this region of low run-off gather 
their waters either from tributaries draining mountainous areas in which 
rainfall exceeds 20 inches or from areas of less rainfall during occasional 
periods of excessive precipitation. In the region between the Sierra 
and Cascade ranges and the Pacific Coast, except the floor of the Great 
Valley of California and the coastal area below San Francisco Bay, 
rainfall and run-off are higher than in any other part of the United 
States. In many places in this region both rainfall and run-off exceed 
100 inches. . 

In preparing the map (Plate IX), showing lines of equal precipitation, 
rainfall data collected throughout the United States were supplemented 
and checked by stream-flow data for areas for which rainfall records 
were not available. When comparison of records showed a higher rate 
of stream flow than that indicated by the available rainfall data, the 
rainfall was estimated from the run-off data by adding 19 io 28 inches 
to the run -off . 

In using rainfall records the conditions affecting their accuracy should 
be given careful consideration. The record obtained by a single rain 
gage shows only the measured precipitation on a few square inches of 
surface. This record, even if accurately made, may not be representa- 
tive of a considerable area. In order to ascertain with reasonable 
certainty the average precipitation over a large area, many rain gages 
should be employed. Under ordinary conditions, however, the gages 
available in a given area are generally few and the extremes of precipi- 
tation, which always occur in comparatively small areas, may not be 
recorded. Rain gages are usually placed near habitations which in 
mountainous regions are generally at the lower elevations. Accurate 
records obtained by such gages may not therefore correctly represent 
the precipitation on the more elevated or less inhabited regions. It 
follows that the application of a few records to a large area may result 
in considerable error. 

Satisfactory measurements of the snowfall of individual storms are 
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seldom obtained because of. the difficulty in collecting in a receptacle a 
representative amount of snow falling in wind. In order to measure 
snowfall, therefore, it has been found most satisfactory to arrange a 
platform on which the snow is allowed to fall, and to collect and melt a 
vertical sample of known area, thus determining its water equivalent. 
The tube-and-scale method, devised by the United States Weather 
Bureau (PL XI, B), for determining the water equivalent of accumu- 
lated snow, represents the latest and best practice and will give satis- 
factory results when sufficient observations are made. The following 
table shows the record of accumulated snow and its water equivalent 
observed during an intensive study by this method on certain drainage 
areas in the White Mountains of New Hampshire. But few records of 
this character have been collected on account of the expense involved. 
In considering rainfall data in connection with stream flow a record 

Accumulated Snow and Water Equivalents on New Hampshire Drainage Basins, 
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.21 


9. . . 
14 . . 
18. • . 
22 . 
29. . . 


25 
22 
15 
12 

7 


8.4 
8.0 
5.0 
5.1 
.8 


.84 
.37 
.83 
.42 
.48 


SO 
25 
21 
17 
14 


8.8 
9.2 
6.3 
5.4 
4.5 


.29 
.87 
.31 
.32 
.32 


88 
84 
27 
21 
14 


8.9 
10.6 
8.0 
G.2 
4.3 


.28 
.81 
.30 
.80 
.26 


30 
25 

18 

14 

6 


7.0 
8.9 
5.0 
5.0 
2.1 


.24 
.36 
.28 
.36 
.34 



of the intensity of precipitation is as important as the total amount. 
Unfortunately comparatively few automatic rain gages have been oper- 
ated, so that data in regard to intensity are lacking in most parts of the 
country. In using rainfall data it is necessary to assume that for any 
period of time the mean rainfall over the whole of an area is either the 
arithmetical or weighted mean of the rainfall during that period as 
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observed at the various stations in the area. As all rainfall records are 
liable to great errors, weighing is generally not warranted. 

The records of precipitation show great variations from season to 
season and from place to place, with little if any ascertainable sequence 
or order. They show also great variations for different sections of the 
country and for different altitudes and exposures in the same sections. 
The mean yearly and seasonal rainfall for any locality is, however, 
fairly constant and has been determined for many observation stations 
from records extending over a series of years. 

The average precipitation and the range of departure from the average 
has been determined with reasonable accuracy for many localities in the 
United States. Plate IX shows lines of equal rainfall drawn from the 
means of records collected in several years at many observation stations. 
The departures from the mean conditions can be determined for any 
place only by studying detailed records of precipitation. 

In order to compare rainfall and run -off both records should be ex- 
pressed in ** depth in inches *' over the drainage basins considered and 
should, of course, represent the same periods of time. Such data have 
usually been computed and recorded for calendar months. This period 
is, however, too short for purpose of comi)arison and may lead to 
apparently erroneous results, because heavy precipitation at the end of 
a month will not api)ear as run -off until the following month, as shown 
in the tables on pp. 160 to 163. A year is a better period but is not 
entirely satisfactory. The calendar year is undesirable as a comparative 
period, because the conditions of snow and ground storage are not the 
same at the end of every December. The year beginning with October 
or November, depending on the locality, is much better, ds on the first 
of such period the conditions of storage are more nearly uniform from 
year to year, for at that time no snow is stored and the quantity of 
water held by the streams, lakes, and swamps and in the ground is 
usually at a minimum. The largest factor disturbing the relation 
between run-off and rainfall is storage in ground, surface, and snow, 
and as little information on this subject is available, it has been 
impossible to make proper allowance for its effect. 

The tables* on pp. 160 to 163 show, for various drainage areas in 
northeastern United States, the monthly and yearly rainfall, run-off, and 
loss for each of the years for which run-off records are available. The 
records of precipitation were in some instances incomplete, and figures 
for several months in the period considered were missing. In such 
cases the mean of the records for the stations available was taken as the 

* See Proceedimrs, American Society of Civil Engineers, Vol. XXXIII, May, 1907. 



PLATE X 




Prepared by Henry Gannstt 
mainly from data of the 
United Statat Gaological Survay 



HYDROLOGY AS RELATED TO STREAM FLOW. 159 

mean for the month in question. Interpolation for supplying missing 
rainfall data adds nothing to the accuracy of the record and is probably 
never justifiable by theory or facts. 

Rainfall records for the principal precipitation stations in the United 
States have been compiled and published by the U. S. Weather Bureau 
in 106 sections, under the title ** Summary of Climatological Data for 
the United States.'' 

EVAPORATION. 

All precipitated water, in some part of its course over the earth's 
surface, is subject to evaporation which returns a portion of it to the 
atmosphere. 

The effects of evaporation extend both to the total flow of streams and 
to the variations in flow during different seasons. The principal con- 
ditions on which the amount of evaporation depends are the temperature 
of the atmosphere and of the surface from which the evaporation takes 
place, the relative humidity of the air, and the wind movements. The 
relative importance of these effects has not been determined. The rate 
of evaporation from both land and water surfaces varies widely in 
different localities and in the same locality in different seasons. No 
laws having general applicability have been discovered by which evapo- 
ration can be computed and, as with rainfall, information in regard to 
it has been obtained by direct observation. 

But few direct measurements of evaporation from land surfaces have 
been made.' Indeed, it has generally been impossible to distinguish 
between the losses by vegetation and those by direct evaporation. In 
general the difference between rainfall and run-off from a given area 
gives the best available information as to the amount of such losses. 
As stated on page 156 these losses in the United States vary from 19 to 
28 inches. The tables on pages 160 to 163 show the total losses for the 
northeastern portion of the United States. 

Records of evaporation from water surfaces collected ** at many points 
in the United States show an annual variation ranging from 20 to 40 
inches in the humid eastern States and from 60 to 125 inches in the 
arid West. These records are of great value in studies of storage, as 
the total annual storage is diminished by the annual evaporation from 
the water surface. 

The following table gives the monthly and annual evaporation at 
selected stations in the United States. The data in this table, with the 

■See U. S. Geol. Survey Water Supply Paper No. 291. 

^See reports of U. S. Weather Bureau for methods used and data collected. 
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Monthly and yearly maximumf minimumf and mean 

lo88f for an 



Precipitation, in Inches. 



[Note:— M = Mean; 



Drainage. 



Connecticut, above Or- 

ford; 8 800 aq. milee 

Housatonic, above Qay- 

lordsville; 1080 aq. miles 
Susquehanna, above Har- 

rlsburg; 24 0808q. miles. 
Susquehanna, above 

WukesBarre; 0810 sq. 

miles. 

Susquehanna, above Wil- 

liamsport; 5 640 sq. 

miles 

Ohio, above Wheeling; 

88 820 sq. miles 

Potomac, above Point of 

Rocks; 9 650 sq. miles. . 
Shenandoah, above Mill- 

ville; 8 000 sq. miles 

Jame8,above Cartersville; 

6830sq. miles 

James, above Buchanan; 

8060sq. miles 

James, above Glasgow; 

880 sq. miles 

Appomattox, above Mat- 

toax; 745 sq. miles 

Boanoke, above Boanoke; 

890 80. miles 

Boanoke, above Ran- 
dolph; 8 060 sq. mfles. . . 



OCTOBBB. 


NOVDIBBB. 




Jahuabt. 


Fbbbuabt. 


Mabgb. 


M. 


B. 


M. 


B. 


M. 


B. 


M. 


B. 


M. 


B. 


M. 


B. 




4.18 




6.54 




4.77 




8.94 




8.16 




4.77 


8.99 


8.18 


8.17 


1.05 


8.80 


1.86 


8.86 


1.99 


1.60 


0.71 


8.44 


8.05 




6.49 




4.89 




6.76 




4.89 




4.84 




6.80 


8.98 


8.74 


8.89 


0.89 


4.88 


8.78 


8.05 


1.66 


8.66 


0.76 


4.10 


8.04 




6.74 




4.48 




6.68 




4.40 




4.55 




468 


8.08 


0.96 


8.68 


0.92 


8.97 


1.04 


8.78 


1.77 


8.67 


0.98 


8.86 


1.81 




6.04 




4.70 




6.56 




8.40 




8.46 




4.77 


8.88 


1.69 


8.41 


1.18 


8.80 


8.84 


8.67 


1.69 


8.80 


1.17 


8.60 


8.17 




6.88 




4.91 




5.48 




8.69 




4.00 




6.80 


8.90 


0.89 


8.74 


0.54 


8.16 


1.25 


8.68 


1.61 


8.78 


1.05 


4.00 


8.48 




6.78 




6.67 




6.07 




4.97 




6.54 




5.68 


8.66 


0.51 


8.00 


0.65 


8.18 


1.84 


8.84 


1.78 


8.10 


1.19 


8.89 


1.40 




6.41 




4.10 




6.71 




8.78 




6.HH 




4.44 


8.31 


0.57 


8.89 


0.79 


8.67 


0.74 


8.68 


1.66 


8.91 


0.46 


8.48 


8.06 




7.10 




4.16 




6.18 




408 




6.28 




5.18 


8.47 


0.48 


8.06 


0.81 


8.61 


0.88 


8.6R 


1.41 


8.18 


0.88 


8.58 


8.08 




8.85 




8.67 




7.19 




4.48 




6.06 


• 


6.86 


8.46 


0.55 


1.89 


0.98 


8.88 


1.41 


8.80 


8.21 


8.68 


0.60 


8.86 


8.50 




8.07 




6.80 




7.68 




4.56 




6.80 




6.66 


8.68 


0.46 


8.48 


0.71 


8.00 


0.80 


8.70 


1.77 8.66 


0.68 


8.88 


8.89 




6.70 




6.87 




7.60 




4.48 


6.48 




6.86 


8.61 


0.88 


8.89 


0.78 


8.87 


0.17 


8.86 


1.80 


8.67 


0.49 


8.89 


8.67 




7.60 




8.99 




8.06 




4.88 




6.88 




6.96 


8.70 


0.85 


8.80 


1.06 


8.76 


1.88 


8.88 


8.00 


8.11 


0.94 


8.68 


8.87 




6.88 




4.60 




7.46 




4.06 




7.10 




6.49 


8.71 


0.18 


8.49 


1.04 


8.98 


0.50 


8.65 


1.64 


8.98 


0.68 


4.01 


8.44 


' 


6.54 




8.16 




7.84 




4.86 




6.68 




6.49 


8.61 


0.65 


8.88 


1.82 8.96 


1.78 8.10 


8.19 


8.50 


0.88 


8.57 


2.29 



RuN-opp, IN Inches. 





OOTOBBB. 


Notebbbb. 


Dbcbhbbb. 


Jaxuabt. 


Fbbbuabt. 


March. 


Drainage. 


M. 


B. 


M. 


B. 


M. 


B. 


M. 


B. 


M. 


B. 


M. 


B. 


Ck>nnecticut, above Or- 
ford 


1.84 
1.80 
0.90 
1.16 
0.86 
0.78 
0.68 
0.88 
0.80 
0.60 
0.67 
0.68 
0.86 
1.06 


1.04 
0.46 
8.86 
(0.40) 
8.17 
0.16 
8.88 
0.18 
8.66 
0.16 
8.70 
0.18 
1.68 
0.14 
8.99 
0.80 
8.84 
0.81 
8.88 
0.18 
8.46 
0.88 
1.44 
0.87 
8.06 
0.86 
1.88 
0.80 


1.88 
1.89 
1.08 
0.96 
1.14 
1.81 
0.44 
0.48 
0.75 
0.71 
0.63 
0.04 
0.78 
0.81 


8.61 
0.60 
1.98 
0.96 
8.18 
0.86 
1.47 
0.60 
1.84 
0.89 
8.97 
0.84 
0.99 
0.16 
1.06 
0.20 
1.27 
0.86 
8.46 
0.-0 
1.67 
0.24 
1.88 
0.88 
1.71 
0.84 
1.06 
0.88 


1.88 
8.68 
1.75 
8.68 
1.76 
1.99 
1.06 
106 
1.61 
1.80 
1.81 
1.46 
1.89 
1.71 


8.84 

0.47 
4.18 
(1.08) 
8.58 
0.49 
4.91 
0.90 
4.14 
0.88 
8.64 
0.58 
8.06 
0.86 
8.18 
0.80 
8.89 
0.46 
4.88 
0.86 
4.50 
0.81 
8.54 
0.58 
4.28 
0.85 
8.61 
0.71 


0.76 
8.88 
1.04 
8.89 
1.96 
8.78 
1.80 
1.81 
1.80 
1.86 
1.41 
1.75 
1.48 
1.68 


1.11 
0.87 
8.21 
0.96 
8.79 
0.67 
8.46 
8.14 
8.88 
1.01 
4.80 
1.88 
8.49 
0.51 
8.62 
0.47 
8.76 
0.68 
8.51 
0.48 
8.79 
0.68 
8.78 
0.61 
8.84 
0.88 
8.89 
0.78 


0.64 
1.61 
1.96 
8.66 
1.96 
8.18 
8.00 
1.68 
8.11 
8.84 
8.84 
8.80 
8.84 
1.98 


1.08 
0.86 
(8.66) 
0.48 
4.04v 
0.58 
8.98 
1.67 
4.58 
0.56 
7.29 
0.78 
4.60 
0.89 
8.68 
0.46 
8.74 
0.64 
5.84 
0.51 
8.99 
0.48 
8.60 
0.46 
6.68 
0.64 
8.49 
1.08 


8.01 
6.88 
4.48 
6.88 
6.69 
4.07 
8.80 
8.16 
8.16 
8.86 
8.88 
8.86 
8.88 
8.88 


7.66 
1.60 


Housatonic, above Gay- 
lordsville 


8.77 
(4.84) 


Susquehanna, above Har- 
risDurg •••«... 


7.46 
8.46 


Susquehanna, above 

Wukes-Barre 

Susquehanna, above Wil- 


7.84 
8.79 
8.09 
8.88 


Ohio, above WheeUng. . . . 

Potomac, above Point of 

Roc ks 


6.89 
1.87 
6.50 
1.84 


Shenandoah, above Mill 
ville 


5.84 
0.66 


James, above Carters- 
ville 


6.89 
1.68 


James, above Glasgow. . . 

Appomattox, above Mat- 

toax,,,,,, .,,,,,,.. 


6.67 
1.68 
4.44 
1.88 
4.01 
0.78 


Boanoke, above Boanoke. 

Boanoke, aboye Ban- 

doiph , 


7.48 
0.04 
4.18 
1.04 
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7 in percentage of roinfaU, and 
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Monthly and yearly mdximumy minimum, and mean 

loss, for an 



Run-off in Percbntaoe of Rainfall. 



[Note:— M = Mean: 



« 


October. 


NOTIMBBR. 


_ 


Jahuakt. 




3lA 




DrAinage. 




BfOH. 


M. 


R. 


H. 


R. 


M. 


R. 


M. 

88 
76 
71 
118 
75 
66 
51 
47 
66 
49 
49 
68 
60 
58 


R. 


M. 


R. 


M. 


R. 


Conneotiout, abOTe Or- 
ford 


41 
47 
80 
85 
99 
27 
94 
88 
95 
94 
96 
98 
81 
40 


98 

17 
64 

(«) 

6 

68 

4 

64 

10 

79 

6 

169 

8 

698 

10 

181 

18 

99 

8 

861 

6 

160 

11 

906 

9 

180 

95 


67 
58 
41 
40 
48 
89 
19 
98 
86 
99 
98 
99 
81 
86 


188 
88 

176 
99 

106 
11 
66 
99 
68 
19 

114 
18 
41 
6 
64 
19 
60 
98 
75 
14 
64 
11 
47 
18 
77 
15 
69 
17 


46 
61 
60 
77 
66 
64 
40 
40 
46 
48 
48 
89 
89 
48 


108 
17 
67 

^' 

10 

140 
40 

109 
15 
99 
97 
76 
10 

883 

70 
91 
67 
11 

658 
19 
71 
17 
99 
7 
58 
94 


66 

18 
149 

ig' 

89 
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76 

116 

60 
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46 

96 

80 

78 

(97) 
74 
8] 
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94 
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77 
80 
90 
18 
71 
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79 
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49 
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64 
66 
74 
60 
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(87) 

^> 
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151 

64 
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88 
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15 
116 

(tt) 
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148 

184 
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61 

81 

66 

70 

68 
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45 


Housatonlc, above Gkiy- 
lordRviUo - , . 


80) 

87 


Suaauehanna, above Har- 
risDurg 


877 
60 


Sttsguebaima, above 
^Vllkee-Barre 

Susquehanna, above Wil- 
Uamsport 


823 

78 

800 

74 


Ohio, above Wheding... 

Potomac, above Poiiit of 

Rocks. 


191 
H9 

14U 
41 


Shenandoah, above Mlll- 
Tflle 


148 
93 


James, above Carters- 
ville 


198 
44 


James, above Buchanan. 

James, above Glasgow. . . 

Appomattox, above Mat- 

toaz ..• t 


178 
40 

187 
87 
76 
86 


Roanoke, above Roanoke. 
Roanoke, above Ran- 
dolph 


115 
97 

108 
41 







Loss, IN Inches. 



Drainage. 



Connecticut, above Or- 

ford 

Hoiisatonic, above Gay- 

lordsville 

Susquehanna, above Bar- 

riSDurg '. 

Susquehanna, above 

IVUkes-Barre 

Susquehanna, above Wil- 

Uamsport 

Ohio, above Wheeling. . . . 
Potomac, above Point of 

Rocks 

Shenandoah, above Mill- 

viUe 

James, above Carters- 

Tille 

James, above Buchanan. 

James, above Glasgow. . . 

Appomattox, above M at- 

toaz 

Roanoke, above Roanoke. 

Roanoke, above Ran- 

dol]^ 



OoTomB. 






Jahuabt. 


ITvnikmT a w 










M. 


R. 


M. 


R. 


M. 


R. 


M. 


R. 
1.97 


M. 


R. 
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8.03 


2.48 
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0.96 
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9.12 
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1.55 
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0.00 
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-0.68 


0.09 
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8.46 




8.46 




1.70 




0.88 




0.65 


2.17 
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0.17 
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0.46 
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0.67 
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0.89 


1.8B 


-0.37 


1.14 


0.08 


0.46 
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0.18 


1.28 
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0.29 
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0.55 


1.69 
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9.67 




8.90 




1.98 
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9.57 
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1.14 


0.29 


1.77 
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1.40 


0.83 


1.41 
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9.85 
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2.05 




2.66 


1.99 
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1.71 


0.50 


1.70 


-0.71 


1.48 


0.72 


1.82 


-0.08 




6.98 




8.60 




8.1U 




1.88 




2.80 


1.04 


-0.90 


1.66 


0.42 


1.67 


-0.94 


1.46 


0.86 


1.28 


—1.84 


• 


6.16 




2.67 




5.77 




9.09 




1.69 


9.07 


-0.91 


1.66 


0.56 


280 


0.86 


1.52 


0.76 


0.88 


0.40 




8.96 




8.91 




8.38 




2.61 




4.10 


1.86 


-0.14 


1.71 


0.48 


1.68 


0.04 


1.49 


0.89 


1.67 
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8.79 




2.18 




4.28 




8.06 




2.78 


1.68 


-0.56 


1.41 


0.14 


2.24 


1.05 


1.47 


0.89 
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-0.14 



M. R. 



-0.47 
-1.78 
—1.18 
—1.78 
-1.50 
-0.68 
0.62 
1.86 
0.78 
0.68 
1.07 
1.88 
1.18 
1.24 



1.92 
2.91 
0.66 
4.46 
1.65 
-8.56 
0.80 
4.88 
1.02 
4.05 
0.09 

-8.18 
9.60 

-8.15 
(9.40) 

-1.78 
1.96 

-0.98 
9.62 

-2.27 
2.66 

-0.86 
2.27 
0.71 
2.68 
1.00 
2.86 

-0.09 
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rainfaU, run-off in 'percentage of rcdnfaU, and 
avenge year, 
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68 
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25 
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60 


81 


10 
68 
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6 

74 
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44 
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06 
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06 
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7 
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15 
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88 
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68 
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84 
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48 
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6 

28 
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44 
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11 
87 


88 


10 
80 


15 


6 

44 


86 


81 

60 


10 


71 


48 
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48 


88 

70 


20 


18 
68 


24 


12 
88 


28 


11 

80 
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8 
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48 


88 
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40 
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82 
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87 
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22 
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82 
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69 


42 


86 


84 


28 


18 
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28 


14 


20 


14 
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80 


6 




80 




126 




67 




48 




68 




87 




66 
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26 

87 


48 


75 
66 


24 


14 
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84 


12 
46 


85 


8 
44 


84 


7 
44 


41 


85 
67 





66 


81 


41 


88 80 


81 


20 16 


86 


84 


87 


26 


48 


88 
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API 


EUL. 


Mj 


LT. • 


Ju 


NK. 


July. 


Aug 


UST. 
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Tbab. 
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Tears. 


M. 


R. 


M. 


R. 


M. 


R. 


M. 


R. 


M. 


R. 


K. 


R. 


Total. 


R. 




-0.70 




1.67 




4.88 




8.81 




8.68 


■ 


8.74 




18.81 




-1.04 


-3.62 
-0.20 


-0.11 


—1.80 
1.74 


2.00 


1.06 
6.14 


8.25 


2.41 
6.06 


8.70 


8.00 
6.71 


8.70 


0.71 
6.10 


15.10 


18.84 
82.56 


5 


-0.02 


—2.20 
1.87 


0.57 


-0.88 
8.16 


8.28 


—0.86 
6.67 


8.68 


1.56 
4.41 


4.16 


8.08 
6.86 


8.10 


0.80 
4.81 


18.43 


18.80 
81.04 


6 


-0.67 


—2.84 
0.21 


1.80 


0.68 
8.87 


8.78 


0.40 
6.80 


8.28 


1.04 
4.58 


8.80 


1.88 
6.10 


8.48 


0.68 
8.76 


18.20 


18.54 
18.61 


14 


—0.46 


-1.60 
0.47 


1.60 


0.71 
2.86 


8.80 


1.88 
6.06 


4.04 


8.47 
4.68 


8.88 


8.68 

6.18 


8.18 


0.48 
4.80 


16.66 


14.58 

80.89 


6 


-0.61 


-2.64 


1.52 


0.04 


8.01 


1.86 


8.80 


2.41 


8.87 


0.06 


8.81 


0.87 


17.76 


15.70 


10 




2.00 




8.14 




4.01 




6.07 




6.44 




4.60 




84.86 




0.07 


-1.66 
1.60 


2.10 


0.05 
8.77 


8.08 


1.88 
4.40 


8.60 


2.26 
5.41 


8.08 


1.00 
6.88 


8.88 


0.81 
6.84 


10.02 


16.18 
80.09 


21 


0.68 


-0.14 
1.88 


2.48 


1.26 
8.9? 


8.16 


1.88 
6.14 


8.80 


1.08 
6.11 


2.81 


1.87 
4.68 


8.81 


1.06 
6.88 


22.64 


18.87 
88.06 


10 


0.78 


-0.80 
2.47 


2.46 


1.46 
8.60 


8.74 


1.40 
6.87 


8.81 


1.78 

4.08 


8.75 


1.08 
7.14 


8.68 


0.76 
8.54 


24.60 


14.68 
80.70 


10 


0.89 


-O.08 
1.64 


2.12 


0.60 
4.10 


8.68 


8.57 
5.77 


8.07 


1.04 
5.46 


8.48 


1.84 
6.00 


8.67 


1.88 
5.21 


24.77 


18.00 
88.88 


7 


OjB4 


-0.87 
8flR 


2.48 


0.26 
8.47 


8.60 


8.70 
6.87 


8.44 


1.87 
4.18 


8.86 


1.80 
4.06 


2.67 


0.88 
4.66 


24.26 


14.80 
80.46 


10 


0.01 


-0.46 
2.51 


2.68 


0.41 
4.07 


8.68 


1.00 
4.04 


8.10 


1.01 
6.42 


8.07 


1.16 
0.06 


8.61 


0.50 
8.46 


84.T7 


16.80 
86.10 


10 


0.06 


-0.41 
1.70 


8.68 


0.70 
4.01 


8.00 


8.10 
6.85 


8.40 


1.51 
8.10 


4.82 


2.17 
4.00 


8.07 


1.22 
4.81 


26.50 


10.88 
81.71 


5 


o.oiJ 


0.20 
2.55 


8.88 


-0.23 
4.96 


8.68 


0.81 
4.76 


8.76 


2.44 
6.80 


8.47 


0.78 
6.27 


8.68 


0.84 
1.00 


24.00 


15.91 
29.88 





1.47 


0.24 


2.48 


0.66 


8.16 


1.78 


8.47 


1.87 


8.86 


1.68 


1.76 


1.21 


25.14 


16.00 


5 
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exception of those collected at Chestnut Hill Reservoir, Boston, Mass., 
and at Mount Hope Reservoir, Rochester, N. Y., were obtained from 
publications of the U. S. Weather Bureau, and are the results of a year's 
observations made during 1909-1910. 



Monthly EvaporcUion <U Different Paints in the United 8tate», 
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• Evaporation interpolated by plotting all the data available and extending the curves to cover 
the missing periods. 

The records for Chestnut Hill Reservoir were obtained by Desmond Fitz 
Gerald. For the summer months tbey are tbe means of ten years of 
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obBervations, while for the winter months they are deduced from special 
exi)eriments on the evaporation from snow and ice. 

The data at Mount Hoi)e Reservoir were obtained by Emil Kuichling 
since 1891, and are the means of two to eight years' observations. The 
values for these two stations as here published are taken from Turneaure 
and Russell's ** Public Water Supplies." 

The monthly percentages for the evaporation at Boston and Rochester 
having been derived from the mean of several years' records are of 
general value while those for the other stations in the table, derived from 
records of a year or less in length, are of smaller value since the yearly 
evaporation varies considerably. 

Evaporation from a body of water is measured by determining the 
loss of water from a pan (PI. XI, A), so placed that the contained water 
has as nearly as possible the same temperature and exposure as that of 
the water which it is intended to represent. 

The seasonal differences in evaporation are illustrated by the follow- 
ing table, which shows the rainfall, run-off, and loss during the winter 
and summer months respectively in the northeastern United States. 
While no measurements are available showing evaporation from snow 
surfaces, the table indicates that the losses during the winter months 
vary inversely with the latitude and therefore with the temperature. 

When the temperature is below freezing for a considerable part of the 
time, the losses are small. During the summer or growing period, the 
losses are uniform and apparently have no relation to the latitude. In 
general the monthly loss during growing seasons in the humid sections 
of the country is about 3i inches. 

TEMPERATURE. 

Temperature affects stream flow in two ways: First in the total flow, 
on which it acts indirectly through its effect on other climatic condi- 
tions, especially evaporation and rainfall; second, in the distribution 
of flow, for which it is one of the principal regulating factors, by tempo- 
rarily holding back the water in the ground or in the form of snow 
and ice. 

At the beginning of winter the formation of ice on the surface of 
streams, lakes, and swamps materially reduces the quantity of water 
available for stream flow until again released by the breaking up of the 
ice. For example," the low-water flow of Rum River in Minnesota, 
during January or February, is about 70 second-feet. The river above 

*8ee U. S. Oeol. Survey Water Supply Paper No. 837. 
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the gaging station is approximately 100 miles long, its average width is 
about 100 feet, and its gradient is small. Ice forms over its entire 
surface ranging from li to 2 feet in thickness. If in two months a 2- 
foot ice cover is formed, approximately 80,000,000 cubic feet of water 
will be stored as ice, an amount equal to about 16 second-feet flow, or 
about 21 per cent of the low-water flow of the river at the gaging section 
for these two months. 

The freezing of the water also temporarily affects stream flow by the 
sudden increase of friction due to the ice cover, thus causing the flow at 
a given cross section to decrease until the slope, area of cross section and 
velocity have been adjusted to the new conditions. At the beginning 
of each cold period, therefore, stream flow will drop suddenly, but may 
increase to some extent later. In addition to the surface water that is 
held back in the form of ice, considerable quantities of ground water 
are frozen and the general flow of ground water is retarded, thus reduc- 
ing the amount of water that reaches the streams during these periods. 

Precipitation during winter usually occurs in the form of snow and 
therefore is available for run-off only when the temperature rises suffi- 
ciently for melting. In fact, in many sections most of the precipitation 
does not affect stream flow until the spring break-up. Small quantities 
of rain falling on snow are absorbed by it and held in storage. Though 
considerable melting may occur during short periods of rain or at 
temperatures above 32** without rain, most of the water is absorbed and 
held by the snow. 

The magnitude of the effect of snow and ice storage varies widely with 
latitude and elevation and with precipitation during the winter season. 
Relatively few measurements of the water equivalent of such storage 
have been made. The table on page 167 shows the results of such 
measurements made in one season on the basins of small streams in the 
White Mountains of New Hampshire. 

The importance of snow storage on the regimen of streams is illus- 
trated by figure 37, in which the spring floods shown on the hydrographs 
for Kennebec River in Maine and Grand River in Colorado are caused 
largely, if not entirely, by the melting of snow and ice. Figure 38 illus- 
trates in the diurnal fluctuation of stage of Kings River in California the 
changes in stream flow resulting from the unequal melting of snow and ice 
at different hours of the day in the mountains drained by that river. 

Western streams in whose basins the annual precipitation is largely 
concentrated in the winter season are particularly dependent on snow 
fields and glaciers in mountainous portions of their basins for sustaining 
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the summer flow and therefore for the value of the streams for use for 
irrigation and power. Without such natural storage, an equivalent use 
of the streams would involve elaborate and expensive works for artificial 
storage which, indeed, would generally be impracticable on account of 
the steepness of the basins and consequent lack of feasible sites for 

reservoirs. 

The condition of the ground when the snow cover is formed affects 
greatly the winter and spring run-off. If the snow falls on unfrozen 
ground the heat of the ground gradually melts the bottom layers of 
snow and the water passes into the ground. When the break-up comes 
the ground is in condition to absorb a part of the water, thus reducing 
the surface flow to streams. On the other hand, if the snow falls on 
frozen ground comparatively little water flows into the ground, either 
by melting or during the winter or the break-up. The water derived 
from melting snow or from rain on frozen ground flows to the drainage 
channels with little delay or small loss, much as it would flow from the 
roof of a house. Such conditions are therefore conducive to severe freshets. 

The conditions of frost that may produce extreme floods also produce 
extremely low flows. Precipitation is stored as snow and thus prevented 
from reaching the streams or ground water. Part of the water already 
in the ground is frozen, and the only water reaching the streams is 
derived from that part of the ground water that is still available. In 
many sections of the country extremely low flows occur during the 
winter; in fact, in the colder parts of the country many small drainage 
basins are completely frozen, particularly in regions of small relief and 
shallow drainage channels. The following table* of low discharges 
illustrates this condition. 

The rate at which water stored as snow and ice finally passes into the 
streams depends largely on both the temperature and its variations. 
Sudden and well maintained rises in temperature release the water 
quickly and if at the same time there is additional precipitation in the 
form of rain, as there often is, excessive floods may occur. If, however, 
rises in temperature alternate with periods of frost, the water will be 
released slowly and may flow off with little or no flood. Such variations 
also aUow more water to be absorbed by the ground than a change by 
which the water is suddenly released and flows off rapidly. The same 
conditions of temperature that may produce spring freshets may there- 
fore also produce stages of extreme low water during the summer, 
whereas the conditions that produce ordinary spring flows tend to well- 
sustained summer flows. 

■ See U. S. Geol. Survey Water Supply Paper No. o37. 
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Rainfall, run-^ff, run-off in percentage of rainfall, and loss, for the winter and 

the summer months, f&r the mean year,^ 



StAtlon. 



WnrTKR Months, 
Dao. TO Apr., Iholusits. 



i 



\ 



ft 



SUMMXB MOHTBS, 

June, July, August. 



o 

t 

a 



1^" 



Oonnecticut, at Orf ord, N. H. 
HoitsatODic, at Gaylordsville, 

Conn 

Susquehanna, at Harrisburg, 

Pa 

Susquehanna, at Wilkes- 

Barre, Pa 

Susquehanna, at Williams- 
port, Pa 

Ohio, at Wheeling, W. Va. . . 
Potomac, at Point of Bockis, 

Md 

Shenandoah, at Millyllle. 

W. Va.. 

James, at Carters vlUe, Va.. . . 

James, at Buchanan, Va 

North (of James) Glasgow, 

Va 

Appomattox, at Mattoax, Va. 

Roanoke, at Koanoke, Va 

Roanoke, at Randolph, Va. . 



12.89 


11.19 


87 


1.70 


12.00 


8.87 


82 


17.60 


17.12 


96 


0.66 


16.02 


6.12 


82 


14.48 


18.66 


94 


0.90 


ns& 


2.86 


28 


14.47 


16.48 


114 


—2.01 


14.00 


2.74 


20 


15.48 
16.28 


14.76 
15.16 


96 
98 


0.72 
1.07 


12.87 
12.61 


8.80 
8.13 


26 
26 


14.14 


9.14 


66 


6.00 


11.80 


2.44 


21 


14.88 
16.95 
16.99 


7.72 
10.76 
10.87 


54 
68 
66 


6.66 
6.19 
6.62 


12,6C 
18.69 
12.87 


2.H0 
8.51 
2.97 


22 
26 
28 


16.89 
16.87 
16.60 
17.68 


9.67 
9.89 
9.64 
9.68 


60 
69 
60 
64 


6.82 
6.96 
6.66 
6.00 


12.69 
14.86 
13.48 
14.60 


2.96 
8.05 
8.68 
4.62 


28 
21 
27 
82 



6.18 
10.90 

9.40 

11.26 

9.57 
9.49 

9.86 

9.80 

10.18 

9.90 

9.71 
11.81 

9.85 
9.98 



I 



16.10 

16.48 

16.29 

16.66 

17.78 
19.08 

22.64 

24.60 
24.77 
24.26 

24.77 
28.50 
24.99 
25.14 



* For the number of years records see tables on pp. 160-163. 

The sudden breaking of the ice cover of rivers will cause ice flows 
which may jam at narrow points or on riffles, and thus create temporary 
dams behind which large quantities of water may be stored. These 
temporary dams produce abnormally high stages in the pools above 
them, and when they break the stored water is released and causes high 
stages in the channel below. The effect of these dams is prolonged and 
increased by freezing temperatures. 

The quantity and distribution of water in streams that flow from high 
altitudes, where snow or ice remains during all or a large part of the 
year, depend primarily on the temi)erature of the air over the snow or 
ice fields. As a rule such streams fluctuate in stage daily, the high 
stage corresponding to the i)eriod of greatest melting as shown for Kings 
River, Cal., by figure 38. 



WIND AND HUMIDITY. 



Wind and humidity affect the total flow of streams through their 
effect on other climatic conditions, especially on precipitation and 
evaporation. 

It has been found that the movement of air adjacent to a surface of 
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evaporation is one of .the principal factors that determines the rate of 
evaporation. The distribution of precipitation is also determined to a 
considerable extent by the direction of prevailing winds. 

Wind affects the distribution of flow of streams that are fed by lakes 
and ponds. The quantity of water passing into the stream will vary 
with the intensity and direction of the wind, which may blow the water 
toward or away from the outlet. Wind generally has little effect on 
the velocity of water in a stream. 

VEGETATION. 

In considering vegetation with respect to its effect on stream flow, 
three types of vegetal cover should be recognized : 1 . Forest, either 
virgin or sizable second growth. 2. Brush of either perennial or annual 
plants, including small second growth. 3. Agricultural crops, native 
grasses and other small wild plants. The effects of these three types are 
similar and their influence extends both to the total run-off and the 
regimen of flow. ' 

Vegetation affects the total flow of a stream principally through its 
effect on evaporation and in a less degree by absorption in growing 
plants. In general, it decreases the total run-off. As shown in the 
tables on pp. 160-163, the monthly loss to the flow of a stream during the 
growing season amounts to about 3i inches in depth over the drainage 
area. Though many conditions contribute to this loss, vegetation is 
believed to be an important factor. 

Vegetation affects the regimen of a stream by delaying run-off in 
various ways. It increases ground storage because of the greater recep- 
tivity of a soil loosened and opened by roots and a surface covered with 
fallen leaves and litter. The roots and cover retard the flow of water 

r 

over the surface and thereby promote the absorption of the water by 
the soil. The effect of forests on ground storage is therefore least on 
oi)en, sandy soils, which would readily absorb water under all condi- 
tions, and greatest on heavy, comi)act soils and clays, which do not take 
up water easily. 

Vegetal cover is an imix)rtant factor affecting the rate of melting of 
snow. In forest areas, especially in evergreens, the melting of snow is 
delayed and the delay may increase or decrease flood flows in accordance 
with other circumstances. If the winter is followed by a period in 
which temperatures are moderate and rainfall is small, the accumulated 
snow will tend to maintain the stream flow during the spring and 
summer months. On the other hand, if high temperatures and heavy 
rains prevail, the accumulated snows will be rapidly carried into the 



HYDROLOGY AS RELATED TO STREAM FLOW. 171 

streams and may cause disastrous floods. In fact, many serious floods 
have been due to this cause. An accumulation of snow in drifts tends 
to delay melting and prolongs spring run-off. Vegetation may be an 
important factor in the formation or prevention of drifts. 

The difference between evergreen and deciduous forests or between 
large and small trees in their effects on ground storage are probably 
small. Young trees and bushes, or even- cultivated crops and small 
wild growth, may produce approximately the same effects in this respect 
as virgin forests. In their effects on temperature and resultant evapo- 
ration, and especially on snow storage, forests differ greatly. Dense 
evergreen growths hold the snow longer than open or deciduous growths. 

It is doubtful whether vegetation commonly affects the flow of streams 
through its effect on rainfall. Although forested areas have ample rain- 
fall, it is believed that the forests exist because of this rainfall, rather 
than the converse. 

None of the many attempts that have been made to study the mag- 
nitude of the effects of forest on stream-flow has given satisfactory 
results. Such conclusions as are available on the subject are based on 
general observations rather than on measured difference in stream-flow. 
In order that observations may furnish decisive evidence on this sub- 
ject, it is necessary that they be made under similar conditions of 
climate, geology and topography, and that the only differences shall 
pertain to forestation. Such conditions are not readily found or pro- 
duced. The numerous published discussions in regard to the effect of 
forest on stream-flow are as a rule argumentative in character and fail 
in logical presentation of the subject. Indeed the possible effects of 
other influencing factors have seldom if ever been given adequate con- 
sideration. The relative effect of vegetation will depend largely on the 
magnitude of the other factors that affect stream-flow and many irregu- 
larities in the run-off, attributed to this cause, are probably due to other 
conditions. 

Vegetation has a marked influence on streams and their character 
through its effect on erosion in the basin. Under similar conditions of 
soil the amount of silt carried in streams varies inversely with the 
extent and type of the vegetal cover. Streams carrying large quantities 
of silt, usually characterized by shifting channels, are less readily avail- 
able for use, and are liable to obstruction and damage from floods. 

TOPOGRAPHY. 

The direct effects of topography on stream flow appear in the distri- 
bution or regimen of flow. Indirectly by its effect on climate, topography 
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affects the total run-off. The topographic factors comprise (a) elevation 
of drainage basin; (b) slope of drainage basin; (c) slope of bed of 
stream; (d) shape of drainage basin; (e) direction of axis; and (f ) 
lake and swamp areas. 

Mountain ranges, by intercepting the moisture and the clouds in the 
atmosphere, cause heavy precipitation on their summits and slopes, 
thereby decreasing the moisture available for precipitation beyond the 
range. The snow stored in mountainous areas is the principal source 
of the water of many western streams. The magnitude of the effect of 
snow storage on the summer flow will depend on the elevation at which 
the snow accumulates, and on the position of drifts with respect to slopes. 
For the same altitude the storage will produce the most lasting effect 
where the drifts accumulate on the north or other slopes that are little 
exposed to the sun. Drifts on southern slopes or at low altitudes melt 
more rapidly and have little effect in sustaining summer flow. 

The capacity for ground storage from which water may reach the 
streams depends on the volume of earth above the stream bed and is 
determined by the topography of the basin. A low, swampy area in 
which stream channels are shallow has a small ground-storage capacity 
and, consequently, little reserve for maintaining flow during periods of 
drought. Precipitation on such an area finds its way to the streams 
slowly because of small slopes and low velocities, and flood stages occur 
only after long periods of heavy precipitation. These conditions also 
favor maximum evaporation. 

The nature of the slopes of the basin and stream affects principally 
the distribution of run-off. Steep slopes discharge their water rapidly 
and as a rule store relatively small amounts of ground water. Flat and 
rolling areas, on the other hand, if pervious and sufficiently elevated 
above the stream beds to have large storage capacity, absorb much of 
the water that falls upon them and yield it up gradually. Rivers drain- 
ing steep slopes may therefore be *' flashy '' in character, whereas those 
that drain flat and rolling areas fluctuate less rapidly. 

The shape and size of a drainage basin affects decidedly the streams 
transversing it. The flow from basins which are so large that they have 
considerable range in latitude may be materially affected owing to the 
difference in the times at which the snows are melted. Rivers flowing 
southward may discharge the snow water without serious freshet, for the 
melting of the snows beginning in the southern part extends gradually 
toward the north. Rivers flowing northward, on the other hand, are 
more liable to freshets from the accumulation of water as the higher 
temperatures advance north, and to ice jams and consequent freshets 
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from backwater therefrom, because of the greater thickness and strength 
of the ice farther north. Rivers flowing east and west are more likely 
to have the same conditions of temperature throughout the whole basin 
and consequently an accumulation of water resulting from the melting 
of snow simultaneously in all tributaries .^ The shape of the basin, 
whether long or palmate, aflfects in a similar way the accumulation of 
freshet waters. The magnitude of these eflFects will not be large, except 
on long rivers because the time interval involved in changes in tem- 
perature throughout the basin will not ordinarily be great. 

The flow of large rivers that are fed by small streams whose combined 
drainage areas are large is generally more regular than that of streams 
draining small areas, as the diversity of climate, topographic, geologic 
and other conditions that affect flow averages the run-off resulting from 
the various tributary areas. 

The shape of the basin and the direction of its axis relative to the 
direction of motion of prevailing storms may be important factors in 
determining the magnitude of freshets. The progress of storms in the 
same direction as the current of a stream rather than against it tends 
to augment the freshet discharges. 

Lakes and ix)nds affect stream-flow (1) by decreasing the total annual 
run-off, on account of the evaporation from their surfaces, and (2) by 
equalizing flow and making the discharge more regular. They are also 
important in connection with the use of water on account of their availa- 
bility for artificial storage. Swamp areas affect the flow of streams, 
esx)ecially as regards their regimen, in much the same way as lakes 
and ponds. 

GEOLOGY. 

Aside from its effect on topography, which is a direct result of it, 
geology has an important influence on stream-flow in two ways; first, 
in the nature and depth of the soil and, second, in the dip of the strata. 
It affects both the total run-off and the regimen. 

Sandy and other porous soils afford maximum capacity for ground 
storage. Rain falling on such porous soils passes into the ground 
readily, losing a minimum quantity by evaporation, and is retained 
there temporarily to be gradually released to springs and rivers. An 
example of this effect is shown by Loup River, which drains a sandy 
basin in Nebraska, and the Republican, which drains a less porous basin 
in the same State. The tables on p. 175 give the flow of these two 
streams for a typical year. Withlacoochee, Silver Spring, and other 
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rivers in Florida are representative of streams draining sandy areas and 
having small fluctuations. 

Similarly, porous lava absorbs large quantities of water and later 
gives it up in springs or streams of well-sustained flow. Snake River 
in Idaho below Thousand Springs and Deschutes River in Oregon (see 
table on p. 176) are streams of this character. Streams in both sandy 
and lava areas derive their water mainly from springs and other forms 
of ground water flow and have comparatively few tributaries. 

Basins of bare rock, on the other hand, shed quickly the most of the 
w'ater that falls upon them. Between the two extremes of rock and 
sand are all grades of clay, silt and loam, of varying depths, affecting 
very decidedly the regimen of the streams that drain them. 

The dip, hardness and porosity of the strata are often important on 
account of their effect on the courses of streams and on the concentra- 
tion of fall, and also on the amount of water absorbed by the ground to 
appear elsewhere as springs in the same or another drainage basin, or 
to be lost permanently to the ground, unless it is brought to the surface 
again by means of some deep well. 

GEOGRAPHIC LOCATION. 

Geographic location influences stream flow principally through its 
effect on climate and vegetation. The climatic conditions already de- 
scribed, which, in turn, determine the amount of vegetation, depend 
largely on geographic location, and their effect on stream flow has been 
discussed (pp. 155 to 171). 

THE WORKS OF MAN. 

In the industrial development of the water resources of the country, 
it is necessary to construct dams, dikes, diversion channels, and other 
works which have a large direct effect on the flow of streams. The 
operations in connection with agriculture, the construction of city im- 
provements, and the development of transportation also indirectly affect 
stream flow. 

Irrigation affects the total flow by creating additional water surfaces 
for evaporation and by losses in irrigation as only a i>art of the water 
diverted to the land returns to the stream. It affects the regimen by the 
regulating works, which may include storage reservoirs, by diversion 
during the irrigating season, and by promoting seei>age or return waters 
that may appreciably augment the flow during the non-irrigating season. 

The use of a stream for power affects the total flow only by such in- 
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Monthly discharge of Loup River at Columbus, Nebr,, for 1906. 

[Drainage area, 13.500 square miles.] 



Month. 



April (8-30) . . . . 

May 

June 

July 

August 

September 

October 

November (27 days) 

The period . . . 



Discharge in second-feet. 



Maximum. 



16.100 
25.000 
4.800 
7,900 
11.600 
7.400 
7.100 
4.900 



25.000 



Minimum. 



Mean. 



2,500 
1,500 
1.900 
1.7U0 
1.0uO 
l.luO 
1.9u0 
2.U00 



1.000 



5.580 
4590 
2.890 
2,7b0 
3.120 
2.600 
3.280 
3.090 



3.490 



Total in 
acre-feet. 



255,000 
282,000 
172.000 
171,000 
192.000 
155.00U 
202.000 
165,000 



1.590.000 



Run-off. 



Sec.-ft. per 


Depth in 


sq. mile. 


inches. 


0.413 


0.35 


.340 


.39 


.214 


.24 


.206 


.24 


.281 


.27 


.198 


.22 


.243 


.28 


.229 


.23 


.259 


2.22 



Rainfall 

depth in 

inches. 



5.47 
2.89 
2.06 
2.74 
8.52 
2.94 
3.12 
.93 

23.67* 



• Total year. 27.03. 



Monthly discharge of Republican River near Bostwick^ Nebr. , for 1906. 

[Drainage area, 23.300 square miles.] 





Discharge in second-feet. 


Total in 
acre-feet. 


Run-off. 


Rainfall 


Month. 


Maximum. 


Minimuni. 


Mean. 


Sec.-ft. per 
sq. mile. 


Depth in 
inches. 


depth in 
inches. 


April (7-30) 

May 

June 

July (»-3l) 

August 

September ..... 

October 

November 


1,690 

5.130 

750 

2,140 

1.590 

460 

790 

630 


480 
760 
260 
210 
260 
150 
170 
525 


673 
1.610 
466 
736 
553 
253 
371 
610 


82,000 
99.000 
27.700 
35.000 
34.000 
15.100 
22.100 
86.300 


0.029 
.069 
.020 
.032 
.024 
.011 
.016 
.026 


0.03 
.08 
.02 
.08 
.06 
.01 
.02 
.08 


4.92 
1.87 
2.02 
2.99 
2.89 
2.04 
2.53 
.67 


The period . . . 


5,130 


150 


659 


301.000 


.028 


.25 


19.93* 



• Total year. 2:3.47. 



Monthly discharge of Deschutes River at Benham Falls ^ near Bend^ Oreg.yfor the 

year ending Sept. SO, 1911. 



Month. 



October . . 
November . 
December 
January . . 
February . . 
March . . . 
Apri* . . . . 
May .... 
June .... 
July 

August . . . 
September . 

The year 



Discharge in second-feet. 



Maximum. 



1.780 



Minimum. 



1,540 


1.420 


1,600 


1.420 


1,780 


1.420 


1.540 


1.180 


1.420 


1.240 


1.540 


1.240 


1.670 


1,480 


1.740 


1.600 


i;740 


1.600 


1.600 


1.420 


1.420 


1360 


1.480 


1,860 



1.180 



Mean. 



1.470 
1.490 
1.560 
1.420 
1.360 
1.400 
1.570 
1,670 
1,710 
1,600 
1,880 
1,390 



1,490 



Run-off 

(total in 

acre-feet). 



90,400 
88,700 
95.900 
87.300 
75.500 
86,100 
98.400 
108.000 
102.000 
92.200 
84.800 
82.700 



1,080,000 
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crease in evaporation as may result from increased water surfaces. Its 
effects on the rej?imen will vary with the amount of storage utilized. 

By drainage, both surface and subsurface, the water from precipita- 
tion may be conducted more quickly to the streams, thus tending under 
some conditions to increase flood discharge and to decrease low-water 
discharge. It also diminishes the effect of evaporation if swamp areas 
are drained, thereby increasing the total flow. The effect of drainage 
on stream-flow has often been underestimated or overlooked. 

Diversion and storage works constructed for city water supplies and 
other purposes produce the same effect as that described for irrigation, 
I)Ower and drainage. The general effect of storage is to reduce the 
total flow by increasing evaporation and to modify the regimen generally 
by making the discharge more nearly uniform at all seasons. Diversion 
for use always diminishes the flow, the amount depending on the nature 
of the use and varying from the small losses in power plants to the 
large losses in irrigation. Water diverted outside of the basin is of 
course a complete loss to that basin and a net gain to the basin to which 
the diversion is made. Works in and along the river channel, such as 
the building of dikes to prevent overflow and to improve navigation, 
the construction of wharves, bridge abutments, and piers, contract the 
natural channel and tend to increase the stage. These works have been 
important factors in increasing the damages resulting from many floods. 

In considering effects on stream flow little consideration has been 
given to the indirect effects of the works of man. The preparation of 
virgin land for agriculture may necessitate the clearing of timber and 
other vegetation, leveling of the surface, and drainage, both surface and 
subsurface. Such preparation and the agricultural preparations that 
follow influence to a greater or less extent the run-off from the areas 
affected. In general, they affect the regimen. Conditions for more 
rapid run-off are created and greater fluctuations in discharge are 
promoted. 

The construction of city improvements and the development of trans- 
portation have an effect on stream flow similar to that resulting from 
agricultural operations. Conditions that promote rapid run-off, as 
discussed, tend to increase the total annual run-off. The works inci- 
dent to the development of a country have a further effect on streams 
in promoting erosion, thereby increasing the quantity of silt to be car- 
ried, which may have an important effect on the characteristics of the 
stream. 



HYDROLOGY AS RELATED TO STREAM FLOW. 177 

FLOODS. 

The normal capacity of the channel of a stream is developed by natural 
processes and is adequate to carry the ordinary flow. Overflow of banks, 
or floods, will occur therefore only as a result of extraordinary condi- 
tions that bring to the channel a quantity of water in excess of its 
capacity. Such conditions may be (l) excessive rainfall, (2) rapid 
melting of accumulated snow, (3) failure of reservoirs, (4) forming and 
breaking of jams of logs, ice or other debris, (5) winds, or (6) tidal 
waves. 

The characteristics of a flood, its stage and duration, may be affected 
favorably or unfavorably by many of the works of man. - Chief among 
those that have an unfavorable effect are bridge piers, abutments, em- 
bankments, buildings, or other structures that constrict the channel 
and decrease its capacity, and levees or other protective works built for 
holding the water in a definite cnannel but which when breached release 
the water and permit it to spread over the adjacent lowlands. In 
-^milar manner, any structure or development, such as drainage chan- 
nels, either surface or subsurface, highways, and improvements in stream 
channels that will shorten the time required for rain water to reach the 
streams, tends to increase floods, whereas structures or developments 
that will increase such time tend to decrease floods. 

All of the many conditions affecting stream flow, described in this 
chapter, affect also the stage and duration of floods. Chief among these 
is, of course, rainfall, and particularly its intensity. Cloud-bursts are 
especially disastrous on small basins, and, in fact, many of the most 
destructive floods have occurred on small streams after intense precipi- 
tation that produced an excessive stage of short duration. 

The flood* of August 3, 1915, on Mill Creek, at Erie, Pa., was of this 
character. Mill Creek drains an area of 12.9 square miles, of such 
slopes and strata as to be favorable to high run-off. After a month, in 
which the precipitation was nearly 2 inches above normal, 6.77 inches 
of rain fell in 13 hours, producing a maximum discharge in the creek 
of about 11,000 second-feet, or at the rate of nearly 1,000 second-feet 
per squ{).re mile. 

Another flood of this character occurred on January 1, 1910, in 
Meadow Valley Wash, Nevada.^ This flood, resulting from a cloud- 
burst, washed out about 80 miles of the San Pedro, Los Angeles & Salt 
Lake R. R., and caused the railroad to suspend operations for several 

■ See Engineering News, Vol. 74, pp. 327 and 937, 1916. 
^ See Engineering News, Vol. 68, p. 88. 1910. 
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months. On a stream having a larger channel capacity, such quantities 
of water would have passed unnoticed. 

Floods on large rivers are generally caused either by (1) long con- 
tinued rainfall over a large area — perhaps at no point reachitig great 
intensity — ^or (2) melting snows over a large area. These conditions 
will be aggravated if high temperatures or rainfall occur when there is 
considerable accumulated snow or if the surface of the ground is frozen. 
Flood stages under such conditions may be modified by many of the 
factors afiEecting stream flow already mentioned, of which storage 
capacity in the ground is among the most important. This factor may, 
however, be entirely eliminated by saturation of the ground or by an 
impervious frozen surface. The Ohio River flood of March, 1913,* is a 
good example of floods of this character. 

Floods caused by the failure of dams or by the breaking of ice gorges 
are often disastrous, on either large or small streams. Such floods 
usually occur as flood waves of great height and short duration, and as 
they may come without much warning are sometimes accomjMinied by 
the loss of many lives in the valley below. The Johnstown flood'' of 
May-June, 1889, and the Susquehanna River flood*^ of March, 1904, 
illustrate floods of this type. The Johnstown flood was due to excessive 
precipitation that caused the overtopping and failure of an earth dam 
resulting in a flood wave and great damage in Conemaugh Valley, espe- 
cially in the city of Johnstown, Pa. The same storm also produced a 
general flood in adjacent drainage basins, which reached record stages 
at many i)oints. The Susquehanna flood was caused by the forming 
and breaking of ice jams at various places in the main river and its 
tributaries. 

Asa rule, the damages resulting from a flood depend on the, stage 
reached and will be largely indei)endent of the duration of the stage. 
The many methods that have been proposed for controlling or prevent- 
ing floods may be reduced to two groups: (1) Those for holding back 
the water by reservoirs or other means. (2) Those for increasing channel 
capacity by levees or other structures. Either or both of these methods 
may be used, according to conditions on the stream to be regulated. 

Works for preventing floods or alleviating conditions produced by 
floods may cause damages at other localities not formerly subject to 
floods. Plans for the improvement of such conditions should be so 
comprehensive as to include the consideration of all stretches of the 

* See U. S. Geol. Survey, Water-Supply Paper No. 334. 

^ See Engineering News, vols. 21 and 22, 1889. 

^ See U. S. Geol. Survey, Water-Supply Paper No. 109. 
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stream that may be affected, either directly or indirectly, by the pro- 
posed works. 

The following table, abstracted from Emil Kuichling's discussion of 
"Flood Flows," contained in Transactions American Society Civil En- 
gineers, Vol. LXXVII, ehowe flood discharges in many streams. 



Extreme flood dUckargei. 



Number of 



Hieslsslppi Klver. at St. Louis, Mo. 
ColotadoBlTsr.K Yuma. Ariz. . . 

ObioBlTsr, atnducab, Kt 

HiMiaalppi River, at Qtafion ni. . 
Platte lUTOT. near Columbua, Nebr. 
Hli^sdppl River, at Frcecott. Wis, 
BedBtvet.atGntndFoTks, N.D. , . 
Susquehanna Efver.atHarrlsburs. Fa, 
Ohio River, at Whaellng. W. Va. . . . 
Bepublican Rlvar, at Bostwtck, Nebr. 
Teiiaesaee River, at ChattancxiKa, 

Alabania River,' at Seinial Ala. ' 
Loup River, at Columbus, Nebr, . . . 
Saerameulo River, at Red BluiT, Cal. 

Potomac River, at Point of Rocks. Md. 

Penobscot River, at liangor. Me. . . . 
Savannah River, at Aufrusta.Oa. . . 
Delaware River, at lambertville, N. J. 
Hudson River, at MechaniC3Vllie,N.Y. 

New River, at Radford, Va 

Wisconsin River, at Merrill. Wis. . . 
American River, at Fair Oaks, Cal. . 
S. Fork Shenandoah River, near 

Front Boyal. Va 

Catawba River, at Catawba, tf.C, . . 
Chasrea River, at Gatun. Panama . . 
Yuba River, near Smartsvllle. Cal, , 

Scioto River, at Colurobus. O 

Schoharie Ciesk, at Fort Hunter, N. Y. 
Rarlbn River. atBoundBrook, N.J. 
Chavres River, at Bohlo, Panama . . 
Little Tennessee River, atJudson, N.C. 
Santa Catarlna River, at Uontere;. 

Mei 

Cbaeres River, at Alhaluela, Panama 
Calaveras River, at Jenny Lind, Cal. 
W, Canada Creek, at Hlnoklej, N. Y, 
Hear Elver, at Van Treot. Cal. . . . 
Esopus Creek, at Olive Bridge. N.Y. 
Cabkin Creek, at S. Otlio. N. Y. . . 
Rjo Mora, below Mora. N.Uex. . . . 
Devil's Cieek.noirVlele. Iowa . . 
Putah Creek. n»r Giienoc. Cal. . . . 
Elkhotn Creek, at Eentone, W. Va. . 
Cane Creek, at Bakeisvllle. N. C. . . 
Willow Creek, near Heppner, Ore. . . 
Mill Brook, at Sherburne, N. Y. ... 

Cherrsvalo Creek, at Cbemvale, 

Kans 

Beacon Brook, near FishkHl, N. Y. . 



702,381) 
225.009 
205,750 

561900 



M3S 
lOO.QO 
139.70 

198190 



Sept. 34, ieS2 



Dec. 26, 19 
April 21, 11 



June 23. 1901 



Julr 14, 1897 



.875-09) 
.M(H)6) 
1786-1905) 
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Authorities: Water-Supply Papers of the United States Geological Sur- 
vey, as follows: 

(1) No. 162; (2) No. 147; (3) No. 800; (4) No. 299; (6) No, 298; 
(6) No. 281; (7) No. 279; (8) No. 230; (9) No. 156; (10) No. 192; 
(11) No. 96; (12) No. 76; (13) Virginia Geol. Survey, Bulletin III, 
Hydrography; (14) Minnesota State Drainage Com. Report for 1912; 
(16) Report of New York State Engineer for 1902; (16) Report on Reser- 
voirs in Wyoming and Colorado, 1898; (17) Trans. Am. Soc. C. E., 
Vol. LIV, p. 200; (18) Trans. Am. Soc. C. E., Vol. LXXVI, p. 871; 
(19) Engineering News, Vol. 48, p. 104; (20) Engineering News, Vol. 
62, p. 316; (21) Engineering Record, Vol. 67, p. 399; (22) Engineering 
Record, Vol. 67, pp. 444 and 692. 

'A general discussion of destructive floods in the United States may be 
found in U. S. Geol. Survey Water-Supply Papers Nos. 96, 147, 162, 
and 334. No. 162 contains an index to flood literature. Many refer- 
ences to flood literature are also given in Appendix 7 of the Report of 
Flood Commission, Pittsburgh, Pa. 



LOW WATER. 

Records of minimum discharge are important in connection with 
all uses of water where storage is not available. The minimum flow of 
a stream ordinarily depends on rainfall and ground storage. Available 
ground water and lake storage, in the absence of precipitation, is fre- 
quently the controlling factor in determining low- water flow. In many 
sections the low water occurs during the winter months, as at that time 
the precipitation may be in the form of snow and is not available to 
replenish the streams until spring. At such time, also, the frost in the 
ground and the ice on the surface of the streams and lakes holds back 
water that otherwise would be discharged. The table on p. 169 illus- 
trates the differences in low- water flow in summer and, winter and in 
streams with and without lake storage. The effect of frost on low-water 
flow is greatest in a relatively flat country where drainage channels are 
shallow and much of the ground water may be frozen . Lake storage, either 
natural or artificial, is an important factor in maintaining the low- water 
flow, as illustrated in the table on p. 169, by Minnesota River at Man- 
kato and the Mississippi at Anoka, and other streams. 

Streams that drain areas that afford conditions favorable for rapid 
run-off are subject to extremely low as well as extremely high water. 
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TYPES OF STREAMS. 

Streams may be grouped, in accordance with their regimen, into four 
classes. The characteristics of each class depend on the climate and 
corresjwnd to various geographic locations, as shown in figure 37, which 
gives hydrographs of typical streams. 

Streams in the northeastern part of the United States are typified by 
Kennebec River, Maine. Their low-water flow generally occurs during 
the summer (growing) and winter (frozen) months, and is broken only 
by occasional rises caused by heavy rains; their high waters occurring 
during the spring months are caused by rains and melting snows. Occa- 
sional high waters occur during periods of excessive rain in the autumn 
and of high temperature in the winter. 

Streams in the western part of the United States, draining moun- 
tainous areas and fed by melting snows, have pronounced periods of 
high and low water. High water usually begins in April and continues 
until July, and is caused by melting snow and ice. The high water is fol- 
lowed by gradual decrease in stage until the flood period of the next 
year, though occasional minor rises result from local rains. Grand 
River, Colorado, is typical of these streams. 

Streams in the southeastern part of the United States, of which Yad- 
kin River, North Carolina, is typical, have no defined periods of high 
or low water. High waters may occur at any time, depending on pre- 
cipitation, and are of short duration. 

Streams in the arid west, where the rainfall is usually insuflficient to 
satisfy evaporation and other losses, of which Solomon River, Kansas, 
is typical, derive their flow from occasional heavy rains that may occur 
at any season. 

These classes are intended to illustrate only general characteristics 
and are subject to many minor variations. 

Streams may be further classified according to their daily fluctuations, 
as shown by the graphs made by water-stage recorders, figure 38. 

Unregulated streams where conditions are not favorable for rapid 
run-off, rise and fall slowly with no sharp changes in stage. Sacandaga 
River, New York, is a stream of this type. 

Unregulated streams draining area in which conditions favor rapid 
run-off show sharp changes in stage which may follow each other in 
rapid succession. An illustration is afforded by Occoquan Creek, 
Virginia. 

Snow-fed streams, such as Kings River, California, have a pronounced 
daily fluctuation, depending on temperature changes. ( 



\ 
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Streams used for power, illustrated by Quaboag River, Mass., have 
relatively large daily fluctuations below the ix>wer plant, which may be 
regular or irregular, depending on variations in the power load. In 
fact, the stage follows the load closely when the total flow of the stream 
is utilized. 

CONCLUSIONS. 

In the preceding discussion of conditions affecting stream flow it has 
been possible to make only general statements. The conditions are so 
many and varied that it is diflScult to make quantitative measurements 
of effect for purposes of investigating any one factor. If dependable 
results are to be obtained, a broad study of cause and effect is necessary. 
Erroneous and conflicting conclusions have been reached by many in- 
vestigators for the following reasons: (1) Only a part of the many 
factors entering the problem have been considered; (2) Cause and 
effect have been confused; for example, forests are often cited as a 
cause of rainfall, although they are probably only a result of rainfall; 
(3) It has been assumed that if certain causes operate under certain 
conditions they will operate in a similar manner under other conditions. 

These fundamental errors in assumptions have led to many misin- 
terpretations. Simple statements of conditions affecting stream flow 
can not, from the nature of these conditions, be made. 

A systematic study of the nature of the effects of the various factors 
and of the changes that have taken place in stream flow during the past, 
requires actual records of flow extending over several decades and infor- 
mation in regard to the conditions and changes affecting flow. As such 
data are not available, any conclusions that may now be drawn are 
largely speculative. The testimony of the ** oldest inhabitant" has 
generally been found by experience to be unreliable and of little value. 
It should be recognized also that the discharge of a stream is exceedingly 
variable. A comparison of yearly means with the mean for a long 
period of years shows large percentage variations. Therefore the effect 
of any factor must be large if it is to be recognized. The differences in 
viewpoint and the various ways of analyzing and using the data proba- 
bly account largely for the differences of opinion as to the effect of the 
various factors on stream flow. Engineers collecting and using stream- 
flow data should, as occasion permits, make systematic studies of the 
problems involved, in order that these important conditions, so greatly 
affecting one of the principal branches of their profession, may in time 
be thoroughly understood and evaluated. 
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TABLES. 

There are available a large number of tables for facilitating the com- 
putations in various hydraulic problems. It is often necessary, how- 
ever, for the engineer to prepare special tables adapted to the problem 
in hand. Among the tables available are a number having wide appli- 
cation, which are given on the following pages. 

These tables have been adapted from Water-Supply Papers of the 
U. S. Greological Survey. 

In connection with the use of these tables attention is called to 
Barlow's tables and to Crelle's Rechentafeln. The former tables give for 
numbers from 1 to 10,000 the squares, cubes, square roots, cube roots, 
etc. The latter give products of all numbers between 1 and 1000, and 
can be used both for multipUcation and division. 

LIST OF TABLES. 

Table I. Discharge in seoond-feet over rectangular sharp-crested weirs having 
complete end contractions. 

[Formula: Q=3 .33 (l - ,2H) H^] 

Table II. Discharge in second-feet per foot of crest over rectangular sharp- 
crested weirs without end contractions. 

[Formula; 0=3 .33 1 H^ 

Table III. Discharge in second-feet per foot of crest length for certain broad- 
crested weirs. 

[Formula: 0=2 .64 I H^ 

Table IV. Discharge in seoond-feet per foot of crest over sharp-crested rectan- 
gular weirs without end contractions. 

[Formula: 0=(0 .405 -K^^) (1+0 .55 ^^^^^ IH V2^ 

Table V. Multipliers to be used in connection with Table IV to obtain the 
discharge over broad-crested weirs of rectangular cross-section of type a, Fig. 39. 

Table VI. Multipliers to be used in connection with Table IV to obtain the 
discharge over broad-crested weirs of trapezoidal cross-section of types h and c 
Fig 39. 

TABLE VII. Multipliers to be used i^ connection with Table IV to obtain the 
discharge over broad-crested weirs of compound cross section of types d to m in- 
clusive, Fig. 39. 

Table VIII. Three-halves powers of numbers. 

Table IX. For converting discharge in second-feet per square mile into run- 
ofif in depth in inches over the area. 

Table X. For converting discharge in second-feet into run-oflf in acre-feet. 

Table XL For converting discharge in secon4-f^t per day into run-off in millions 
of gallons. 

Table XII. For converting run-off in millions of gallons into discharge in 
second-feet per dav. 

Table XlII. For converting run-off in acre-feet into run-off in million gallons. 
Table XIV. For converting nm-off in million gallons into run-off in acre-feet. 
Table XV. Values of c for use in the Che^ formula: V=c ^/Rs. 

Table XVI. Square roots of numbers ( ^/R, Vl) for use in Kutter^s formula. 
Table XVII. Convenient equivalents. 
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complete end contractions. [Formula Q = 3.33 (I — .2H) H^], 



Length of weir-M^ontinued. 






.648 

.732 

.826 

.922 

1.022 

1.12S 

1.232 

1.342 

1.4ft5 

1.570 

1.089 
1.810 
1.934 
2.000 
2.190 
2.321 
2.465 
2.592 
2.731 
2.872 

3.016 
3.162 
3.310 
3.460 
3.612 
3.766 
3.922 
4.081 
4.242 
4.404 

4.568 
4.733 
4.901 
5.071 
5.243 
416 
592 
769 

04A 



5 
6 
6 
5 



6.128 

6.311 
6.494 
6.679 
6.866 
7.055 
7.245 
7.438 
7.631 
7.826 
8.022 



1 
1 



.772 
.879 
991 
107 
228 
1.352 
1.480 
1.612 
1.748 
1.887 

2.029 
2.175 
2.324 
2.477 
2.632 
2.791 
2.952 
3.117 
3.284 
3.454 

3.627 
3.802 
3.961 
4.161 
4.345 
4.531 
4.719 
4.910 
5.104 
5.299 

5.497 
5.697 
5.899 
6.106 
6.312 
6.521 
6.733 
6.947 
7.162 
7.380 

7.600 
7.822 
8.045 
8.271 
8.500 
8.729 
8.962 
9.195 
9.430 
9.667 



8.220 
8.419 
8.619 
8.821 
9.230 
9.645 
10.0651 



9.907 



OD 



0.0600 0.06000.070010 

.0918 .110 .129 

.141 .170 .108 

.198 .237 .277 

.260 .312 .364 

.327 .392 .468 

.399 .479 .559 

.476 .572 .667 

.657 .669 .781 



.901 
1.026 
157 
293 
433 
679 
728 
882 
041 
203 



1 
1 



2.370 
2.540 
2.715 
2.893 
3.075 
3.260 
3.449 
3.641 
3.837 
4.036 

4.238 
4.443 
4.652 
4.863 
5.078 
5.296 
5.516 
5.739 
5.967 
6.195 

6.427 
6.661 
6.897 
7.138 
7.380 
7.626 
7.873 
8.124 
8.376 
8.631 



080010.09001 
. 147 . 106 
.226 .266 
316 .356 
416 .468 
524 .589 
640 .720 
763 .869 
893 1.006 



030 
174 
1.323 
1.478 
639 
806 
976 
153 
334 
520 



3 
3 
3 
3 



2.711 
2.906 
105 
309 
617 
729 
3.946 
4.166 
4.390 
4.617 

^.849 
6.084 
6.323 
6.665 
5.811 
6.060 
6.313 
6.569 
6.829 
7.090 



.356 
.624 
7.895 
8.171 
8.449 
8.730 
9.014 
9.301 
9.591 
9.883 



8.889 

9.149 

9.411 

9.676 

9.944 

10.213 

10.485 

10.759 

11.034 

11.31212 



11.693 



10.14811.87613 



12.244 



10.390 
10.634 



11.12813.02014.924 



11.630 
12.138 



10.49012.653 



11.35613.70216.04818 



14.777 



12 
12, 



16013 
44714 



13 
14 
14 



61515 



211 



81516 



17.31019 



10 
10 
1.0 
11 
11 
11 
12 
12 
12 



477 
777 
081 



38812 



696 



323 



63914 
95814 



13 



280 
604 



1.160 
1.321 
1.489 
1.664 
845 
2.032 
2.225 
2.423 
2.627 
2.837 

061 
271 
496 

3.726 

3.960 
199 

^.442 
690 
943 

5.199 

5.460 
725 

267 
6.544 
6.825 
110 
398 
7.691 
7.986 



17911.46812 



11 
12 
12 



.804 
143 
486 

.832 



00913.532 



13.88615 



243 
603 



04 



0.100 
.184 
.283 
.396 
.520 
.656 
.800 
.954 

1.117 

1.289 
1.468 
1.655 
1.849 
2.050 
2.258 
2.473 
2.693 
2.921 
3.153 

3.392 
3.636 
3.886 
4.142 
4.402 
4.668 
4.939 
5.215 
5.496 
5.781 



6.071 
6.360 
6.665 
6.969 
7.277 
7.690 
7.906 
8.227 
8.553 
8.88210 



».285 9.215^11.07412 
8.588 9.55111.47913 
8.894 9.89211.88813 
9.204 10.23812.30414 
9.518 10.58612.72414 
0.836 10.93913.14915 
10.155ll.296|l3.57715 
10.47811 

10.80512.020114.44816 
11.13512.38614.89017 



13 
13 
13 
14 



758 

132 

.509 



13.18014.663 



15 



05618 
.45018 



0.120 
.221 
.340 
.476 
.624 
.786 
.960 
1.145 
1.341 

1.647 
1.762 
1.967 
2.220 
2.462 
2.711 
2.060 
3.234 
3.607 
3.787 

4.074 
4.367 
4.667 
4.974 
5.287 
5.607 
5.932 
6.264 
6.001 
6.9441 



7 
7 
8 
8 
8 
9 
9 
9 
10 



.293 
.648 
.007 
.S73 
.743 



.500 
.886 
.278 
.673 



65614.01016.36518 



16 
15 
16 



336 

787 
241 






0.140 

.268 

.390 

.554 

.728 

.917 

1.120 

1.337 

1.505 

1.805 
2.067 
2.319 
2.501 
2.873 
3.165 
3.465 
3.776 
4.093 
4.420 

4.765 
5.098 
5.448 
5.807 
6.172 
6.540 
6.926 
313 
707 
108 



7, 
7, 
8. 



8 
8 
9 
9 
10 



515 
929 
360 
776 
209 



119^10.648,12 



11 
11 
12. 
12. 



093 



54513 
00213 



464 

933 

406 
885 
371 
861 
358 
858 



89016 
27617 



700119.50922 
.06222 



17 



164 
631 
103 



.93015 
.25916 



16 



.393 
.$43 



14.96716 
16.33217 
70017 



16.823 
60017.586 
28518 
97819.141 
20.739 
22.377 



15 
16 



848 



24919.53922.83026 



.653 
.061 
.471 

072117.884 

721 

.571 

368120.432 



18. 
19. 



21 
23 
24 



084 



19 



57821 
06622 



20 
20 
21 
21 
22 
23 
24 



02723 



517 
Oil 



51025 



617 

641 



80425.63029 



27.77632 



91029.97635.043 



17 
18 
18 



877 
393 

.015 



44221 



973 



20 
20 
21 



59823 
15024 
70524 



265 



23 
24 



40026 
97427 



552 
135 



26 

27 



31430 
51231 



67828.725 



95634 
.46737 



1 
1 
1 
1 

2 
2 
2 
2 
3 
3 
3 
4 
4 
5 

5 
6 
6 
6 

7 
7 
7 
8 
8 
9 

9 
10 
10 
11 
11 



12 



14 

14 
15 
15 
16 
16 
17 
18 



19 
19 

20 



21 



25 



28 
28 



32 



40 



160 
294 
463 
633 
832 
048 
280 
528 
789 

064 
351 
650 
062 
284 
618 
062 
316 
680 
063 

436 
828 
229 
639 
058 
484 
919 
362 
813 
271 

737 
211 
692 
180 



67613 
17813 



687 
203 



72715 
25616 



791 
333 
881 
438 

667 

14020 

72021 



306 
897 



494 

097 
706 



941 
665 
197 
833 
474 
121 



«o 



0.1801 

.331 

.510 

.712 

.936 

1.179 

1.441 

1.71« 

2.013 



2.322 
2.645 
982 
333 
690 
071 
458 
850 
200 
080 






7 
7 
7 
8 
8 
9 
9 
10 

10 
11 
12 

12 



.118 
.659 
.010 
.472 
.943 
.423 
.918 
.411 
.918 
.436 



14 
14 



.493 
.034 
.684 
.1421 
.707 
.281 






0.200 
.308 

.000 

.791 
1.040 
1.310 
1.001 
1.910 
2.237 



0.000290 
.00083 
.00153 
.00230 
.00330 
.00433 
.00540 
.00007 
.00790 
.00033 



2.680 
2.940 
3.314 
3.704 
4.107 
4.624 
4.954 
5.397 
5.853 
0.320 

0.799 

7.290 

7.792 

8.304 

8.828 

9.302 

9.900 

10.400 

11.024 

11.698 



90012.182 



80210.520 



.451 
.047 



10.05018.509 
17.20019.187 
17.87719.874 
18.60420.571 
19.13021.273 
19.77021.985 
42122.702 
07423.429 
21.73524.104 
22.40024.903 



07325.062 
75220.407 
43727.109 
319125.12927.938 
82928.717 
53229.499 
24430.291 
90131.088 
08331.892 
41232.703 



23 
23 
24 



25 

20. 

27. 

27. 

28. 

29. 



77430.14733.620 
43130.88734.344 
09331.08336.174 
70032.38630.010 
11038.90037.708 
48235.45239.423 
87237.01941.100 
28238.00742.938 
15841.84940.540 
10946.17550.242 



12.774 
13.370 
13.988 
14.008 
15.237 
16.874 



17.170 
17.838 



Addition for 
increase of 
length. 



.0108 
.0123 
.0138 
.0155 
.0171 
.0189 
.0207 
.0225 
.0244 
.0204 

.0284 
.0304 
.0326 
.0347 
.0309 
.0391 
.0414 
.0437 
.0401 
.0485 

.0509 
.0534 
.0669 
.0585 
.0011 
.0037 
.0004 
.0091 
.0719 
.0747 

.0775 

.0803 

.0832 

.0801 

.0891 

.0921 

.0951 

.0981 

.101 

.104 

.107 
.111 
.114 
.117 
.120 
.124 
.127 
.130 
.134 
.137 

.141 
.144 
.148 
.151 
.158 
.105 
.173 
.180 
.190 
.211 



00354 

01001 

0184 

0283 

0300 

0620 

0050 

0801 

0960 

112 

129 
147 
106 
185 
206 
227 
248 
270 
298 
317 

341 
365 
391 
416 
443 
469 
497 
626 
663 
682 

611 
641 
671 
702 
738 
766 
797 
829 
862 
896 

929 
964 
998 
033 
069 
105 
141 
177 
214 
252 

289 
328 
366 
405 
444 
484 
524 
564 
604 
645 

687 
728 
770 
813 
898 
965 
073 
163 
346 
533 



1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

1 

L2 
L3 
L4 
L5 
16 
L7 
18 
9 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
65 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
66 
69 
70 



190 



RIVER DISCHARGE. 



Table II. — Discharge in aecond-feet per foot of crest over rectangular sharp-crested 

weirs without end contractions. 

Formula: 0=3 .33 / H^. 



Head 
J7, feet. 


.00 


.01 


.08 


.08 


.04 


.06 


.06 


.07 


.08 


.00 


0.0 


0.0000 


0.0063 


0.0094 


0.0173 


0.0266 


0.0872 


0.0489 


0.0617 


0,0753 


0.0899 


.1 


.1063 


.1215 


.1384 


.1561 


.1744 


.1936 


.2131 


.2334 


.2543 


.2768 


.2 


.2978 


.3205 


.3436 


.3673 


.3915 


.4162 


.4416 


.4672 


.4934 


.5200 


.3 


.5472 


.5748 


.6028 


.6313 


.6602 


.6895 


.7193 


.7496 


.7800 


.8110 


.4 


.8424 


.8742 


.9084 


.9390 


.9719 


1.0062 


1.0389 


1.0730 


1.1074 


1.1422 


.5 


1.1T73 


1.2128 


1.2487 


1.2849 


1.3214 


1.8583 


1.3955 


1.4330 


1.4709 


1.5091 


.6 


1.5476 


1.5865 


1.6257 


1.6652 


1.7050 


1.7451 


1.7855 


1.8262 


1.8678 


1.9086 


.7 


1.9508 


1.9922 


2.0344 


2.0770 


2.1198 


2.1629 


2.2063 


2.2500 


2.2940 


2.3882 


.8 


2.8828 


2.4276 


2.4727 


2.5180 


2.5637 


2.6096 


2.6658 


2.7022 


2.7490 


2.7969 


.9 


2.8432 


2.8907 


2.9385 


2.9865 


3.0348 


3.0834 


3.1322 


3. 1813 


3.2306 


8.2802 


1.0 


3.3300 


3.3801 


3.4304 


3.4810 


8.5318 


3.5828 


3.6342 


3.6857 


3.7376 


3.7895 


1.1 


3.8418 


3.8943 


3.9470 


4.0000 


4.0532 


4.1067 


4.1604 


4.2143 


4.2384 


4.3228 


1.2 


4.8774 


4.4322 


4.4873 


4.5426 


4.5961 


4.6538 


4.7098 


4.7660 


4.8224 


4.8790 


1.3 


4.9358 


4.9929 


5.0502 


5.1077 


5.1654 


5.2283 


6.2814 


5.3398 


6.3984 


5.4572 


1.4 


5.5162 


5.5754 


5.6348 


5.6944 


6.7542 


5.8143 


5.8745 


6.9350 


5.9957 


6.0565 


1.5 


6. 1176 


6.1789 


6.2404 


6.3020 


6.3638 


6.4260 


6.4883 


6.5608 


6.6185 


6,6764 


1.6 


6.7394 


6.8027 


6.8662 


6.9299 


6.9937 


7.0678 


7.1221 


7.1865 


7.2512 


7.3160 


1.7 


7.3810 


7.4463 


7.5117 


7.6773 


7.6431 


7.7091 


7.7752 


7.8416 


7.9081 


7.9749 


1.8 


8.0418 


8.1689 


8. 1762 


8.2487 


8.3118 


8.3792 


8.4472 


8.6154 


8.6838 


8.6624 


1.9 


8.7212 


8.7901 


8.8592 


8.9285 


8.9980 


9.0677 


9.1376 


9.2075 


8.2777 


9.3481 


2.0 


9.4187 


9.4894 


9.5603 


9.6314 


9.7026 


9. 7741 


9.8457 


9.9174 


9.9894 


10.0620 


2.1 


10.1340 


10.2060 


10.2790 


10.3520 


10.4250 


10.4980 


10.6710 


10.6450 


10.7180 


10.7920 


2.2 


10.8660 


10.9400 


11.0160 


11.0890 


11.1640 


11.2390 


11.3140 


11.3890 


11.4640 


11.6400 


2.3 


11.6150 


11.6910 


11.7670 


11.8430 


11.9200 


11.9960 


12.0730 


12.1600 


12.2270 


12.3040 


2.4 


12.3810 


12.4590 


12.5360 


12.6140 


12.6920 


12.7700 


12.8480 


12.9270 


13.0050 


13.0840 


2.6 


13.1630 


13.2480 


13.3210 


18.4010 


13.4800 


13.5600 


12.6400 


13.7200 


13.8000 


13.8800 


2.6 


13.9610 


14.0410 


14.1220 


14.2030 


14. 2840 


14.3650 


U.4470 


14.5280 


14.6100 


14.6920 


2.7 


14.7740 


14.8560 


14.9380 


15.0210 


15.1030 


15.1860 


15.2690 


15.3520 


15.4350 


15.6190 


2.8 


15.6020 


15.6860 


15.7690 


15.8530 


15.9380 


16.0220 


16.1060 


16.1910 


16.2750 


16.3600 


2.9 


16.4450 


16.5300 


16.6160 


16.7010 


16.7870 


16.8720 


16.9580 


17.0440 


17.1300 


17.2170 


8.0 


17.3038 


17.3899 


17.4698 


17.6634 


17.6508 


17.7376 


17.8248 


17.9124 


18.0000 


18.0876 


8.1 


18.1754 


18.2634 


18.8516 


18.4399 


18.5285 


18.6170 


18.7056 


18.7945 


18.8838 


18.9727 


8.2 


19.0619 


19.1515 


19.2410 


19.3307 


19.4206 


19.5105 


19.6007 


19.6910 


19.7812 


19.8718 


8.3 


19.9624 


20.0588 


20.1442 


20.2354 


20.3267 


20.4179 


20.5095 


20.6011 


20.6980 


20.7849 


8.4 


20. 8777 


20.9690 


21.0613 


21.1538 


21.2464 


21.3390 


21.4319 


21.5248 


21.6180 


21.7113 


8.5 


21.8046 


21.8980 


21. 9917 


22.0856 


22. 1795 


22.2734 


22.8677 


22.4618 


22.5564 


22. 6510 


8.6 


22.7456 


22.8405 


22.9354 


28.0306 


23.1259 


23.2211 


23.3167 


23.4122 


28.5081 


28.6040 


8.7 


23.6999 


23.7962 


23.8924 


23.9887 


24.0852 


24.1818 


24.2787 


24.3756 


24.4728 


24.6697 


8.8 


24.6673 


24.7645 


24.8621 


24.9600 


25.0576 


25.1555 


25.2537 


25.8520 


25.4602 


25.6488 


8.9 


25.6473 


25.7459 


25.8748 


25.9437 


26.0429 


26.1422 


26.2414 


26.3410 


26.4405 


26.5401 


4.0 


26.6400 


26.7399 


26.8401 


26.9404 


27.0406 


27.1412 


27.2417 


27.3423 


27.4432 


27.5411 


4.1 


27.6453 


27.7466 


27.8478 


27.9494 


28.0509 


28.1526 


28.2544 


28.3563 


28.4582 


2H.6604 


4.2 


28.6626 


28.7652 


28.8678 


28.9703 


29.0732 


29.1761 


29.2790 


29.3823 


29.4866 


29.&890 


4.8 


29.6926 


29.7962 


29.9001 


80.0040 


30.1079 


80.2118 


80.8163 


30.4205 


80.5261 


30.6297 


4.4 


80.7842 


80.8391 


80.9440 


31.0493 


31.1645 


31.2597 


81.8649 


31.4706 


81.6764 


81.6820 


4.6 


81.7878 


31.8941 


82.0008 


82.1065 


32.2128 


32.3198 


82.4269 


32.6324 


82.6398 


82.7462 


4.6 


82.8534 


32.9607 


33.0679 


33.1755 


33.2830 


33.3906 


88.4986 


33.6064 


33.7143 


33.8225 


4.7 


38.9807 


34.0373 


84.1476 


34.2560 


34.3646 


84.4735 


34.6824 


34.6913 


34.8006 


84.9097 


4.8 


85.0193 


35.1288 


36.2354 


35.3480 


35.4578 


35.5677 


85.6780 


36.7882 


85.8984 


86.0086 


4.9 


86.1182 


86.2297 


36.8406 


36.4515 


36.5624 


36.6736 


36.7845 


36.8961 


37.0073 


87.1188 
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Table II. — Continued. 



Head 
J7,feet. 


.00 


.01 


.02 


.08 


.04 


.06 


.06 


.07 


.08 


.00 


5.0 


87.2804 


37.3423 


37.4542 


37.5661 


87.6783 


37.7905 


37.9027 


38.0153 


88.1276 


88.2404 


5.1 


38.8629 


38.4668 


88.5787 


88.6919 


88.8062 


88.9184 


39.0319 


39.1455 


89.2591 


89.8726 


5.2 


39.4865 


89.6004 


89.7146 


89.8288 


89.9430 


40.0576 


40.1718 


40.2867 


40.4012 


40.5161 


5.3 


40.6310 


40.7462 


40.5281 


40.9766 


41.0919 


41.2074 


41.8230 


41.4386 


41.5544 


41.6703 


5.4 


41.7866 


41.9024 


42.0186 


42.1362 


42.2517 


42.8683 


42.4848 


42.6017 


42.7186 


42.8356 


5.5 


42.9628 


43.0700 


43.1871 


43.3043 


43.4219 


42.5894 


43.6573 


43.7752 


43.8931 


44.0109 


5.6 


44.1292 


44.2474 


44.8669 


44.4845 


44.6030 


44.7216 


44.8404 


44.9593 


45.0782 


45.1974 


5.7 


45.3166 


45.4859 


45.5554 


45.6746 


45.7945 


45.9140 


46.0339 


46.1538 


46.2740 


46.3989 


5.8 


46.5141 


46.6347 


46.7552 


46.8757 


46.99C8 


47.1172 


47.2880 


47.3589 


47.4798 


47.6010 


5.9 


47.7226 


47.8438 


47.9653 


48.0869 


48.2084 


48.8303 


48.4522 


48. 5744 


48.6963 


48.8185 


6.0 


48.9407 


49.0632 


49.1868 


49.8083 


1 

48.4312 


49.5637 


49.6766 


49.7999 


49.9230 


50.0462 


6.1 


50.1694 


60.2930 


60.4162 


60.6401 


50.6637 


50.7875 


60.9114 


51.0356 


51.1595 


51.2837 


6.2 


51.4082 


51.5324 


51.6670 


51.7818 


51.9034 


52.0318 


52.1531 


52.2818 


52.4062 


52.5314 


6.S 


62.6570 


62.7822 


52.9077 


53.0336 


63.1601 


58.2850 


58.4109 


53.5871 


53.6630 


53.7892 


' 6.4 


53.9157 


64.0419 


64.1684 


54.2950 


54.4219 


54.5487 


54.6756 


54.8025 


54.9297 


55.0569 


6.5 


55.1832 


56.3116 


55.4392 


55.6667 


65.6943 


55.8221 


55.9500 


56.0779 


66.2061 


66.8348 


6.6 


66.4625 


56.5910 


56.7192 


56.8478 


66.9766 


57.1056 


57.2840 


57.3233 


57.4921 


57. 6218 


6.7 


57.7605 


57.8801 


58.0093 


68.1388 


58.2687 


58.8982 


58.6281 


58.6580 


58.7882 


58.9180 


6.8 


59.0482 


59.1788 


69.3090 


69.4428 


59.570O 


69.7009 


69.8814 


59.9628 


60.0935 


60.2244 


6.9 


60.3556 


60.4868 


60.6183 


60.7499 


60.8814 


61.0129 


61. 1445 


61.2768 


61.4082 


61.5404 


7.0 


61.6736 


61.8048 


61.9870 


62.0692 


62.2017 


62.3343 


62. 4671 


62.6000 


62.7329 


62.8657 


7.1 


62.9966 


63.1318 


63.2660 


63.3992 


63.5317 


63.6653 


63.7991 


63.9327 


64.0665 


64.2004 


7.2 


64.8343 


64.4685 


64.6027 


64.7369 


64.8711 


65.0056 


65.1268 


65.2750 


65.4095 


65.5444 


7.3 


65.6793 


66.8145 


65.9493 


66.0845 


66.2197 


66.3552 


66.4908 


66.6263 


66. 7618 


66.8977 


7.4 


67.0336 


67.1694 


67.3053 


67.4415 


67.5777 


67.7139 


67.8504 


67.9869 


68.1235 


68.2600 


7.6 


68.3969 


68.5337 


68.6706 


68.8078 


68.9447 


69.0818 


69.2794 


69.3566 


69.4941 


69.6316 


7.6 


69.7695 


69.9070 


70.0449 


70. 1827 


70.3209 


70.4591 


70. 5973 


70.7355 


70.8787 


71.0123 


7.7 


71.1508 


71.2896 


71.4282 


71.5670 


71.7059 


71.8451 


71.9843 


72.1235 


72.2627 


72.4743 


7.8 


72.5414 


72.6809 


72.8208 


72.9603 


73.1002 


73.2400 


73.3802 


73.5201 


73.6603 


73.8005 


7.9 


73.9410 


74.0815 


74.2220 


74.3626 


74.5081 


74.6439 


74.7848 


74.9260 


75.0669 


75.2081 


&0 


75.3492 


75.4908 


75.6320 


75.7735 


75.9160 


76.0669 


76.1987 


76.3406 


76.4824 


76.6243 


8.1 


76.7665 


76.9087 


77.0509 


77.1934 


77.3360 


77.4784 


77.6210 


77.7638 


77.9067 


78.0496 


8.2 


78.1924 


78.3356 


78.4788 


78.6220 


78.7655 


78.9087 


79.0522 


79.1957 


79.8396 


79.4834 


8.8 


79.6273 


79.7711 


79.9153 


80.0692 


80.2034 


80.8479 


80.4921 


80.6366 


80. 7811 


80.9260 


8.4 


81.0705 


81.2164 


81.3602 


81.5054 


81.6503 


81.7955 


81.9406 


82.0862 


82.2314 


82.3769 


8.5 


82.6224 


82.6682 


82.8141 


82.9600 


83.1058 


83.2617 


88.3979 


83.5440 


83.6902 


83.8367 


8.6 


83.9833 


84.1298 


84.2763 


84.4228 


84.5697 


84.7165 


84.8634 


85.0106 


85.1578 


85.3049 


8.7 


85.4521 


85.6996 


85.7472 


85.8947 


83.0455 


86.1897 


86.3376 


86.4854 


86.6336 


86.7815 


8.8 


86.9297 


87.0778 


87.2264 


87.3745 


87.6231 


87.6716 


87.8204 


87.9689 


88.1178 


88.2666 


8.9 


88.4192 


88.5647 


88. 7139 


88.8630 


89.0126 


89.1617 


89.3113 


89.4608 


89.6103 


89.7602 


9.0 


89.9100 


90.0699 


90.2064 


90.8599 


90.5101 


90.6602 


90.4778 


90.9609 


91. 1115 


91.2620 


9.1 


91.4125 


91.5633 


91.7142 


91.8650 


92.0159 


92.1671 


92.8183 


92.4694 


92.6206 


92.7721 


9.2 


92.9237 


93.0782 


93.2267 


93.3785 


93.5304 


98.6822 


93.8341 


93.9863 


94.1384 


94.2906 


9.3 


94.4428 


94.5950 


94. 7475 


94.9000 


95.0529 


95.2054 


95.3582 


95.5111 


95.6689 


95.8171 


9.4 


95.9703 


96.1234 


96.2766 


96.4298 


96.5833 


96.7868 


96.8903 


97.0442 


97.1977 


97.8516 


9.5 


97.6057 


97.6596 


97.8138 


97.9679 


98.1021 


98.2763 


96.4808 


96.5853 


98.7398 


98.8943 


9.6 


99.0492 


99.2040 


99.8589 


99.5141 


99.6689 


99.8241 


99.9793 


100.1344 


100.2899 


100.4455 


9.7 


100.6010 


100.7565 


100. 9123 


101.0678 


101.2237 


101.3799 


101.5857 


101.6919 


101.8481 


102.0042 


9.8 


102.1607 


102.3169 


102.4734 


102.6299 


102.7868 


102.9438 


103.1001 


103.2570 


103.4141 


103.5710 


9.9 


108.7282 


103.8853 


104.0429 


104.2000 


104.3576 


104.5121 


104.6726 


104.8304 


104.9882 


105.1461 


10.0 


105.3039 


105.4618 


106.6199 


105.7781 


105.9363 


106.0945 


106.2530 


106.4115 


106.6700 


106.7286 



Note: — By increasing the quantities in this table by 1 per cent the discharge by the Cippoletti 
formula (Q=3.3f IH^ will be obtained. 
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RIVER DISCHARGE. 



Table IIL — Dieeharge in secandrfeet per foot of ertti length for certain broad-created 

weire. 

Formula: 0=2.64 IH^ 



Head H, feet. 





1 


1 


t 


4 


ft 


ft 


1 


8 


9 


10 


0.00 


0.000 


2.64 


7.47 


18.7 


21.1 


29.5 


88.8 


48.9 


50.7 


71.3 


83.6 


.01 


.008 


2.68 


7.52 


13.8 


21.2 


29.6 


88.9 


49.0 


59.8 


71.4 


83.6 


.02 


.007 


2.72 


7.58 


13.8 


2L8 


29.7 


89.0 


49.1 


50.9 


71.5 


83.7 


.08 


.014 


2.76 


7.64 


13.9 


21.4 


29.8 


89.1 


49.2 


60.1 


7L6 


83.9 


.04 


.021 


2.80 


7.69 


14.0 


21.4 


29.9 


89.2 


49.3 


60.2 


71.7 


84.0 


.05 


.030 


2.84 


7.75 


14.1 


21.6 


80.0 


89.8 


49.4 


60.3 


71.9 


84.1 


,06 


.089 


2.88 


7.81 


14.1 


21.6 


80.0 


89.4 


49.5 


60.4 


72.0 


84.2 


.07 


.049 


2.92 


7.86 


14.2 


21.7 


90.1 


89.6 


49.6 


60.6 


72.1 


84.4 


.08 


.060 


2.96 


7.92 


14.8 


21.8 


80.2 


89.6 


49.7 


60.6 


72.2 


84.5 


.09 


.071 


8.00 


7.98 


14.8 


21.8 


80.8 


89.7 


49.8 


60.7 


72.8 


84.6 


0.10 


0.088 


3.04 


8.03 


14.4 


21.9 


80.4 


39.8 


49.9 


60.8 


72.5 


84.7 


.11 


.096 


8.09 


8.09 


14.5 


22.0 


80.5 


89.9 


50.0 


61.0 


72.6 


84.9 


.12 


.110 


8.13 


8.15 


14.6 


22.1 


80.6 


40.0 


50.2 


61.1 


72.7 


85.0 


.18 


.124 


8.17 


8.21 


14.6 


22.2 


80.7 


40.1 


60.8 


61.2 


72.8 


86.1 


.U 


.188 


3.21 


8.26 


14.7 


22.2 


80.8 


40.2 


60.4 


61.3 


72.9 


86.2 


.15 


.153 


8.26 


8.32 


14.8 


22.3 


80.8 


40.3 


50.5 


61.4 


73.1 


85.4 


.16 


.169 


8.80 


8.88 


14.8 


22.4 


30.9 


40.4 


60.6 


61.6 


73.2 


86.5 


.17 


.185 


8.34 


8.44 


14.9 


22.6 


81.0 


40.5 


60.7 


6L6 


73.3 


85.6 


.18 


.202 


8.88 


8.50 


15.0 


22.6 


81.1 


40.6 


60.8 


61.8 


73.4 


86.7 


.19 


.218 


8.48 


8.66 


15.0 


22.6 


8L2 


40.7 


60.9 


61.9 


78.5 


85.9 


0.20 


0.286 


8.47 


8.61 


15.1 


22.7 


81.8 


40.8 


51.0 


62.0 


78.7 


86.0 


.21 


.254 


8.61 


8.67 


15.2 


22.8 


81.4 


40.9 


51.1 


62.1 


73.8 


86.1 


.22 


.272 


8.56 


8.78 


15.2 


22.9 


81.6 


41.0 


61.2 


62.2 


73.9 


86.2 


.28 


.291 


8.60 


8.79 


15. S 


28.0 


81.6 


41.0 


61.8 


62.8 


74.0 


86.4 


.24 


.810 


3.64 


8.85 


15.4 


28.0 


81.7 


41.1 


61.4 


62.4 


74.1 


86.6 


.25 


.880 


8.69 


8.91 


16.6 


28.1 


81.8 


41.2 


61.6 


62.6 


74.3 


86.6 


.26 


.850 


8.73 


8.97 


16.5 


28.2 


81.8 


41.8 


61.6 


62.7 


74.4 


86.8 


.27 


.870 


3.78 


9.03 


15.6 


28.8 


81.9 


41.4 


61.7 


62.8 


74.6 


86.9 


.28 


.891 


8.82 


9.09 


16.7 


28.4 


82.0 


41.6 


61.9 


62.9 


74.6 


87.0 


.29 


.412 


8.87 


9.15 


16.8 


28.4 


82.1 


41.6 


62.0 


63.0 


74.8 


87.1 


0.80 


0.484 


8.91 


9.21 


16.8 


28.5 


82.2 


4L7 


62.1 


63.1 


74.9 


87.8 


.81 


.456 


8.96 


9.27 


15.9 


28.6 


82.3 


41.8 


52.2 


63.2 


75.0 


87.4 


.82 


.478 


4.00 


9.88 


16.0 


28.7 


82.4 


41.9 


62.3 


63.4 


75.1 


87.6 


.88 


.600 


4.05 


9.89 


16.0 


28.8 


82.5 


42.0 


62.4 


68.6 


76.2 


87.6 


.84 


.504 


4.10 


9.45 


16.2 


28.9 


82.6 


42.1 


62.6 


63.6 


75.4 


87.8 


.85 


.647 


4.14 


9.61 


16.2 


24.0 


82.7 


42.2 


62.6 


63.7 


75.6 


87.9 


.86 


.570 


4.19 


9.57 


16.8 


24.1 


82.8 


42.8 


52.7 


63.8 


76.6 


88.0 


.87 


.594 


4.23 


9.63 


16.8 


24.1 


82.8 


42.4 


62.8 


63.9 


75.7 


88.2 


.88 


.618 


4.28 


9.69 


16.4 


24.2 


82. 9 


42.5 


52.9 


64.0 


76.8 


88.3 


.89 


.648 


4.83 


9.76 


16.5 


24.8 


83.0 


42.6 


63.0 


64.2 


76.0 


88.4 


0.40 


0.668 


4.87 


9.82 


16.6 


24.4 


33.1 


42.7 


63.1 


64.8 


76.1 


88.6 


.41 


.693 


4.42 


9.88 


16.6 


24.4 


88.2 


42.8 


63.2 


64.4 


76.2 


88.7 


.42 


.719 


4.47 


9.94 


16.7 


24.6 


33.8 


42.9 


58.4 


64.6 


76.3 


88.8 


.48 


.744 


4.51 


10.0 


16.8 


24.6 


33.4 


43.0 


53.5 


64.6 


76.4 


88.9 


.44 


.771 


4.56 


10.1 


16.8 


24.7 


88.5 


43.1 


68.6 


64.7 


76.6 


89.0 


.45 


.797 


4.61 


10.1 


16.9 


24.8 


88.6 


43.2 


58.7 


64.8 


76.7 


89.2 


.46 


.824 


4.66 


10.2 


17.0 


24.9 


33.7 


48.8 


63.8 


66.0 


76.8 


89.8 


.47 


.851 


4.70 


10.2 


17.1 


24.9 


88.8 


43.4 


63.9 


66.1 


76.9 


89.4 


.48 


.878 


4.75 


10.8 


17.1 


26.0 


88.9 


43.6 


54.0 


65.2 


77.0 


89.6 


.40 


.905 


4.80 


10.4 


17.2 


25.1 


84.0 


48 6 


54.1 


65.8 


77.2 


89.7 
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Table III. — Continued. 



Head /r, feet 





1 


S 


S 


4 


6 


6 


7 


8 


9 


10 


0.50 


0.984 


i.86 


ia4 


17.8 


26.2 


34.0 


48.7 


64.2 


66.4 


77.8 


89.8 


.51 


.961 


4.90 


10.6 


17.4 


26.8 


84.1 


48.8 


64.8 


66.6 


77.4 


90.0 


.52 


.990 


4.95 


10.6 


17.4 


26.4 


34.2 


44.0 


64.4 


65.6 


77.5 


90.1 


.53 


1.02 


5.00 


10.6 


17.6 


26.4 


34.3 


44.1 


64.6 


65.8 


77.7 


90.2 


.54 


1.05 


6.04 


10.7 


17.6 


26.6 


34.4 


44.2 


64.7 


66.9 


77.8 


90.8 


.56 


1.06 


6.09 


10.8 


17.7 


25.6 


34.5 


44.8 


64.8 


66.0 


77.9 


90.6 


.56 


1.11 


6.14 


10.8 


17.7 


25.7 


34.6 


44.4 


64.9 


66.1 


78.0 


90.6 


.57 


1.14 


6.19 


10.9 


17.8 


25.8 


34.7 


44.6 


65.0 


66.2 


78.2 


90.7 


.58 


1.17 


6.24 


10.9 


17.9 


26.9 


34.8 


44.6 


66.1 


66.8 


78.3 


90.8 


.50 


1.20 


6.29 


11.0 


18.0 


26.0 


34.9 


44.7 


56.2 


66.6 


73.4 


91.0 


0.60 


1.28 


6.34 


11.1 


18.0 


26.0 


36.0 


44.8 


66.8 


66.6 


78.6 


91.1 


.61 


1.26 


5.39 


11.1 


18.1 


26.1 


36.1 


44.9 


56.4 


66.7 


78.6 


91.2 


.62 


1.29 


6.44 


11.2 


18.2 


26.2 


36.2 


46.0 


56.6 


66.8 


78.8 


91.4 


.68 


1.82 


6.49 


11.2 


18.2 


26.8 


86.3 


46.1 


56.6 


66.9 


78.9 


91.6 


.64 


1.35 


5.64 


11.3 


18.3 


26.4 


36.4 


46.2 


55.7 


67.0 


79.0 


91.6 


.65 


1.3S 


5.60 


11.4 


18.4 


26.6 


35.4 


46.8 


65.9 


67.2 


79.1 


91.8 


.66 


1.42 


6.66 


11.4 


18.6 


26.6 


35.6 


46.4 


66.0 


67.3 


79.8 


91.9 


.67 


1.45 


6.70 


11.5 


18.6 


26.6 


35.6 


46.5 


56.1 


67.4 


79.4 


92.0 


.68 • 


1.48 


5.75 


11.6 


18.6 


26.7 


35.7 


45.6 


56.2 


67.5 


79.5 


92.1 


.69 


1.51 


6.80 


11.6 


18.7 


26.8 


35.8 


46.7 


56.8 


67.6 


79.6 


92.3 


0.70 


1.55 


6.86 


11.7 


18.8 


26.9 


86.9 


46.8 


56.4 


67.7 


79.8 


92.4 


.71 


1.58 


6.90 


11.8 


18.9 


27.0 


36.0 


45.9 


66.5 


67.9 


79.9 


92.6 


.72 


1.61 


5.96 


11.8 


18.9 


27.1 


36.1 


46.0 


56.6 


68.0 


80.0 


92.7 


.73 


1.65 


6.01 


11.9 


19.0 


27.2 


86.2 


46.1 


56.7 


68.1 


80.1 


92.8 


.74 


1.68 


6.06 


12.0 


19.1 


27.2 


36.3 


46.2 


56.8 


68.2 


80.2 


92.9 


.75 


1.71 


6.11 


12.0 


19.2 


27.3 


36.4 


46.3 


57.0 


68.3 


80.4 


93.0 


.76 


1.76 


6.16 


12.1 


19.2 


27.4 


86.5 


46.4 


57.1 


68.4 


80.6 


93.2 


.77 


1.78 


6.22 


12.2 


19.3 


27.5 


36.6 


46.6 


57.2 


68.6 


80.6 


96.8 


.78 


1.82* 


6.27 


12.2 


19.4 


27.6 


36.7 


46.6 


67.8 


68.7 


80.7 


93.4 


.79 


1.85 


6.32 


12.3 


19.6 


27.7 


36.8 


46.7 


67.4 


68.8 


80.9 


93.6 


0.80 


1.89 


6.88 


12.4 


19.6 


27.8 


86.9 


46.8 


57.6 


68.9 


81.0 


93.7 


.81 


1.92 


6.43 


12.4 


19.6 


27.8 


37.0 


46.9 


67.6 


69.0 


81.1 


93.8 


.82 


1.96 


6.48 


12.6 


19.7 


27.9 


87.1 


47.0 


67.7 


69.2 


8L2 


94.0 


.83 


2.00 


6.64 


12.6 


19.8 


28.0 


37.2 


47.1 


67.8 


69.8 


81.4 


94.1 


.84 


2.03 


6.69 


12.6 


19.9 


28.1 


37.3 


47.2 


68.0 


69.4 


81.6 


94.2 


.86 


2.07 


6.64 


12.7 


19.9 


28.2 


37.4 


47.3 


58.1 


69.6 


81.6 


94.4 


.86 


2.10 


6.70 


12.8 


20.0 


28.8 


37.4 


47.4 


58.2 


69.6 


81.7 


94.6 


.87 


2.14 


6.76 


12.8 


20.1 


28.4 


37.5 


47.5 


68.3 


69.7 


81.9 


94.6 


.88 


2.18 


6.80 


12.9 


20.2 


28.5 


37.6 


47.6 


68.4 


69.9 


82. 


94.7 


.89 


2.22 


6.86 


13.0 


20.2 


28.6 


37.7 


47.7 


68.6 


70.0 


82.1 


94.9 


0.90 


2.25 


6.91 


13.0 


20.3 


28.6 


37.8 


47.8 


58.6 


70.1 


82.2 


95.0 


.91 


2.29 


6.97 


13.1 


20.4 


28.7 


37.9 


48.0 


68.7 


70.2 


82.4 


95.1 


.92 


2.38 


7.02 


13.2 


20.5 


28.8 


38.0 


48.1 


58.8 


70.8 


82.6 


95.3 


.98 


2.37 


7.08 


13.2 


.20.6 


28.9 


88.1 


48.2 


59.0 


70.4 


82.6 


95.4 


.94 


2.41 


7.13 


13.3 


20.6 


29.0 


38.2 


48.3 


59.1 


70.6 


82.7 


96.6 


.96 


2.44 


7.19 


13.4 


20.7 


29.1 


38.3 


48.4 


59.2 


70.7 


82.9 


95.6 


.96 


2.48 


7.24 


13.4 


20.8 


29.2. 


38.4 


48.6 


59.3 


70.8 


83.0 


95.8 


.97 


2.52 


7.30 


13.6 


20.9 


29.3 


38.5 


48.6 


69.4 


70.9 


83.1 


95.9 


.98 


2.56 


7.36 


13.6 


21.0 


29.3 


38.6 


487 


59.5 


71.0 


83.2 


96.0 


.99 


2.60 


7.41 


13.6 


21.0 


29.4 


38.7 


48.8 


59.6 


71.2 


8SA 


96.2 


1.00 


2.64 


7.47 


13.7 


21.1 


29.5 


38.8 


48.9 


59.7 


71.8 


83.6 


96.3 



None: — ^This table is 
and for heads from 0.5 



applicable for use with broad-crested weirs exceeding 2 feet of crest width 
foot up to 1.5 or 2 times the breadth of weir crest. 
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RIVER DISCHARGE. 



DETERMINATION OF DISCHARGE OVER VARIOUS TYPES OP BROAD-CRESTED 

WEIRS. 

From the weir experiments at the Cornell Hydraulic Laboratory, 
as outlined in United States Geological Survey Water-Supply Paper 
No. 200, Mr. E. C. Murphy has derived coefficients to be used in connec- 
tion with a discharge table computed by Bazin's formula for sharp- 
crested weirs for determining the discharge over certain types of broad- 
crested weirs. Table IV gives the discharge per foot of length of crest 
by Bazin's formula for weirs having a height varying from 2 to 30 feet, 
and tables V, VI, and VII give the multipliers to be used with this 
table to give the discharge over broad-crested weirs. Example: Sup- 
pose the discharge is to be computed over a rectangular weir that is 
10 feet long, 12 feet high, 6 feet crest width, and has an observed head 
of 2 . 4 feet. 

Table IV shows that for a height (p) of 12 feet and a head (H) of 2.4, 
the discharge (Q) is 12.42 second-feet. Table V shows that for a height 
(p) of 12 feet, a crest width (c) of 6 feet, and head (H) of 2.4 feet the 
multiplier is 0.797. Hence, the discharge is 12.42x0.797x10=99.0 
second-feet. 

Table IV. — Discharge in second' feet per foot of crest over sharp-crested rectanfftUar 

weirs without end contractions, o 

Formula: Q=^ (o .405 +'^^^\ A +0.55 ^' ^ IH i/2^. 

[H=head, in feet, P=height of weir, in feet]. 



>< 


2 


4 


6 


8 


10 


80 


80 


0.1 


0.13 


0.13 


0.18 


0.18 


0.13 


0.13 


0.18 


.2 


.33 


.33 


.83 


.83 


.88 


.38 


.38 


.8 


.68 


.58 


.58 


.58 


.58 


.58 


.58 


.4 


.88 


.88 


.87 


.87 


.87 


.87 


.87 


.5 


1.23 


1.21 


1.21 


1.21 


1.21 


1.20 


1.20 


.6 


1.62 


1.59 


1.58 


1.58 


1.57 


1.57 


1.57 


.7 


2.04 


1.99 


1.98 


1.98 


1.97 


1.97 


1.97 


.8 


2.50 


2.43 


2.41 


2.41 


2.40 


2.40 


2.40 


.9 


3.00 


2.90 


2.88 


2.86 


2.86 


2.85 


2.85 


1.0 


3.53 


3.40 


3.36 


3.85 


3.34 


3.33 


8.83 


1.1 


4.10 


3.93 


3.88 


3.86 


8.85 


3.84 


.8.88 


1.2 


4.69 


4.48 


4.42 


4.40 


4.38 


4.86 


4.86 


1.8 


5.32 


5.07 


4.99 


4.96 


4.94 


4.92 


4.91 


1.4 


5.99 


5.68 


5.58 


5.56 


5.62 


5.49 


5.48 



aThifl table uhould not be used where water on the downstream side of the weir is above the Icfvel 
of the crest, nor unless air circulates freely between the overfalllng sheet and the downstream face 
of the weir. If a vacuum forms under the falling sheet the discharge may be 5 per cent greater than 
given in this table. 
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Table /F.— Continued. 





8 


4 


6 


8 


10 


SO 


SO 


1.6 


6.69 


6.80 


6.20 


6.16 


6.18 


6.08 


6.07 


1.6 


7.40 


6.97 


6.84 


6.78 


6.76 


6.69 


6.68 


?.7 


8.15 


7.66 


7.60 


7.48 


7.89 


7.38 


7.81 


1.8 


8.93 


8.37 


8.18 


8.09 


8.06 


7.98 


7.96 


1.9 


9.74 


9.11 


8.89 


8.79 


8.74 


8.65 


8.68 


2.0 


10.58 


9.87 


9.6(2 


9.51 


9.44 


9.34 


9.82 


2.1 


11.44 


10.66 


10.37 


10.24 


10.17 


10.06 


10.02 


2.2 


12.33 


11.46 


11.14 


10.99 


10.91 


10.78 


10.76 


2.8 


13.25 


12.29 


11.93. 


11.77 


11.67 


11.52 


11.48 


2.4 


14.20 


18.16 


12.75 


12.56 


12.45 


12.28 


12.24 


2.5 


15.18 


14.03 


13.59 


13.37 


13.25 


13.06 


18.02 


2.6 


16.17 


14.92 


14.44 


14.20 


14.07 


13.85 


13.80 


2.7 


17.19 


16.84 


15.81 


16.05 


14.90 


14.65 


14.60 


2.8 


18.23 


16.79 


16.21 


15.92 


16.76 


15.48 


16.42 


2.9 


19.29 


17.76 


17.12 


16.81 


16.63 


16.32 


16.25 


8.0 


20.38 


18.74 


18.06 


17.71 


17.62 


17.18 


17.10 


8.1 


21.50 


19.74 


19.01 


18.64 


18.42 


18.05 


17.96 


8.2 


22.64 


20.77 


19.98 


19.68 - 


19.34 

« 


18.93 


18.83 


S.S 


23.80 


21.82 


20.98 


20.64 


20.28 


19.83 


19.72 


8.4 


24.98 


22.89 


21.99 


21.62 


21.24 


20.76 


20.63 


8.5 


26.20 


23.98 


23.01 


22.61 


22.22 


21.69 


21.65 


8.6 


27.42 


26.09 


24.06 


23.62 


23.20 


22.62 


22.48 


8.7 


28.67 


26.28 


26.13 


24.65 


24.21 


28.68 


23.48 


8.8 


29.94 


27.38 


26.22 


26.60 


26.23 


24.66 


24.39 


8.9 


81.28 


28.65 


27.32 


26.66 


26.27 


25.54 


25.37 


4.0 


82.64 


29.74 


28.45 


27.74 


27.82 


26.65 


26.85 


4.1 


88.87 


30.96 


29.59 


28.84 


28.39 


27.66 


27.34 


4.2 


86.22 


32.18 


30.75 


29.96 


29.48 


28.69 


28.85 


4.8 


86.69 


38.43 


31.92 


31.09 


30.58 


29.63 


29.38 


4.4 


87.99 


34.70 


38.12 


32.24 


81.70 


80.68 


80.42 


4.5 


89.40 


36.98 


84.33 


33.40 


32.83 


81.74 


81.47 


4.6 


40.88 


87.29 


35.56 


34.68 


83.98 


32.82 


82.63 


4.7 


42.28 


88.61 


36.80 


36.78 


36.14 


33.92 


33.61 


4.8 


43.75 


39.96 


88.07 


37.00 


36.32 


35.04 


84.70 


4.9 


46.23 


41.32 


89.36 


38.23 


87.52 


86.17 


35.80 


5.0 


46.73 


42.09 


40.65 


39.48 


88.74 


37.21 


36.91 


5.1 


48.26 


44.09 


41.96 


40.73 


39.97 


38.45 


38.03 


5.2 


49.79 


45.50 


43.29 


42.01 


41.20 


39.61 


39.17 


5.8 


51.36 


46.93 


44.64 


43.30 


42.46 


40.78 


40.31 


5.4 


62.94 


48.38 


46.00 


44.60 


48.71 


41.96 


41.47 


5.5 


64.64 


49.86 


47.38 


45.93 


45.00 


43.16 


42.64 


5.6 


56.16 


61.34 


48.79 


47.27 


46.31 


44.88 


43.88 


5.7 


67.78 


52.83 


60.19 


48.62 


47.62 


45.60 


46.02 


5.8 


59.42 


54.34 


51.62 


49.99 


48.94 


46.83 


46.22 


5.9 


61.09 


66.88 


53.07 


51.88 


50.29 


48.08 


47.44 


6.0 


62.77 


57.43 


64.53 


62.78 


61.64 


49.84 


48.67 


6.1 


64.46 


69.00 


66.00 


54.20 


63.02 


50.61 


49.91 


6.2 


66.18 


60.68 


57.50 


65.63 


64.40 


61.90 


51.16 


6.3 


67.91 


62.18 


69.01 


67.07 


55.80 


63.20 


52.42 


6.4 


69.65 


63.79 


60.63 


68.63 


67.22 


64.50 


53.70 
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Table 77.— Continued, 



>< 


2 


4 


6 


8 


10 


20 


SO 


6.5 


71.42 


65.42 


62.07 


60.01 


58.65 


55.82 


54.98 


6.6 


78.19 


67.07 


63.68 


61.50 


60.09 


57.16 


56.27 


6.7 


74.99 


68.74 


65.20 


63.00 


61.55 


58.60 


57.58 


6.8 


76.80 


70.42 


66.78 


64.58 


63.02 


59.96 


58.90 


6.9 


78.62 


72,11 


68.38 


66.06 


64.60 


61.28 


60.22 


7.0 


80.46 


73.82 


70.00 


67.60 


66.00 


02.61 


61.56 


7.1 


82.82 


76.55 


71.63 


69.17 


67.62 


64.00 


62.91 


7.2 


84.18 


77.29 


73.28 


70.74 


69.04 


65.40 


64.27 


7.8 


86.07 


79.04 


74.94 


72.34 


70.58 


66.81 


65.64 


7.4 


87.97 


80.81 


76.61 


73.94 


72.14 


68.24 


67.02 


7.5 


89.89 


82.60 


78.30 


73.56 


73.70 


69.68 


68.41 


7.6 


91.82 


84.40 


80.01 


77.19 


75.28 


71.13 


69.81 


7.7 


96.76 


86.22 


81.73 


78.84 


76.88 


72.69 


71.23 


7.8 


95.72 


88.05 


88.46 


80.60 


78.48 


74.06 


72.65 


7.9 


97.70 


89.90 


85.21 


82.18 


80.11 


75.55 


74.09 


8.0 


99.68 


91.75 


86.97 


83.87 


81.74 


77.04 


75.53 


8.1 


101.69 


98.63 


88.75 


85.57 


88.39 


78.55 


76.98 


8.2 


106.70 


95.51 


90.54 


87.29 


85.25 


80.06 


78.44 


8.3 


105.73 


97.42 


92.84 


89.02 


86.72 


81.59 


79.92 


8.4 


107.78 


99.34 


94.16 


90.76 


88.41 


88.13 


81.40 


8.5 


109.84 


101.27 


96.00 


92.52 


90.11 


84.69 


82.90 


8.6 


111.91 


103.21 


97.84 


94.29 


91.82 


86.25 


84.41 


8.7 


118.99 


105.17 


99.70 


96.07 


98.55 


87.82 


85.92 


8.8 


116.09 


107.14 


101.57 


97.87 


95.28 


89.40 


87.44 


&9 


118.20 


109.13 


103.46 


99.68 


97.04 


91.00 


88.98 


9.0 


120.33 


111.13 


105.36 


101.60 


98.80 


92.61 


90.62 


9.1 


122.47 


113.15 


107.28 


106.34 


100.58 


94.28 


92.08 


9.2 


124.62 


115.18 


109.21 


105.19 


102.37 


95.86 


96.65 


9.8 


126.79 


117.22 


111. 15 


107.06 


104.17 


97.49 


95.22 


9.4 


128.97 


119.27 


113.10 


108.93 


105.99 


99.14 


96.80 


9.5 


181.16 


121.34 


115.07 


110.82 


107.82 


100.80 


98.40 


9.6 


183.36 


128.42 


117.05 


112.72 


109.65 


102.48 


100.00 


9.7 


185.58 


125.51 


119.04 


114.64 


111.60 


104.16 


101.62 


9.8 


137.82 


127.63 


121.05 


116.57 


113.37 


105.85 


103.25 


9.9 


140.06 


129.74 


128.07 


118.51 


115.25 


107.66 


104.88 


10.0 


142.81 


131.87 


125.10 


120.46 


117.14 


109.27 


106.62 
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TMe V. — MuUiplierB to he used in connection with Table IV to obtain the discharge 
over broad-created weirs of rectangular crose-section of type a, fig, 39^ 



[p=r Height of weir; c= width of crest; ff= observed head, all in 


feet.] 




-v 


4.6 
2.6 


4.6 
6.6 


11.25 
.48 


11.25 
.93 


11.25 
1.65 


11.25 
8.17 


11.25 
5.88 


11.25 

8.98 


11.25 
12.24 


11.25 
16.30 


0.5 
1.0 






0.821 
.997 


0.792 
.899 


0.806 
.806 


0.792 
.795 


0.799 
.791 


0.801 
.794 


0.786 
.815 


0.790 
.790 


0.766 


0.708 


1.5 


.789 


.709 


1.00 


.982 


.878 


.796 


.796 


.793 


.814 


.792 


2.0 


.814 


.710 


1.00 


1.00 


.906 


.815 


.797 


.792 


.797 


.793 


2.5 


.836 


.711 


1.00 


1.00 


.985 


• cVs'l 


.797 


.790 


.796 


.793 


3.0 


.857 


.711 


1.00 


1.00 


1.00 


.870 


.797 


.788 


.794 


.791 


8.5 


.878 


.712 


1.00 


1.00 


1.00 


.90 


.812 


.787 


.794 


.791 


4.0 


.899 


.714 


1.00 


1.00 


1.00 


.98 


.834 


.786 


.792 


.789 


5.0 


.940 


.716 


1.00 


1.00 


1.00 


.97 


(«) 


.78 


.79 


.78 


6.0 


.986 


.718 


1.00 


1.00 


1.00 


.98 


(«) 


.78 


.78 


.78 


7.0 
8.0 






1.00 
1.00 


1.00 
1.00 


1.00 
1.00 






.77 
.77 


.78 
.77 


.77 
.77 






9.0 
10.0 






1.00 
1.00 


1.00 
1.00 


1.00 
1.00 






.77 
.77 


.77 
.77 


.77 
.77 











a Value doubtful. 

Table VI. — Multipliers to be used in connection with Table IV to obtain the discharge 
over broad-crested weirs of trapezoidal cross-section of types b and c, fig, 39. 

[p=Height of weir, in feet; c= width of crest, in feet: •= upstream slope; a' = downstream slope; 

£f ^observed head, in feet.] 









Type6,flg. 


39. 






Typee 


, tig. 89.1 


« 


4.9 
.88 
2:1 



4.9 
.66 
2:1 



4.9 
.66 
8:1 



4.9 
.66 
4:1 



4.9 
.66 
6:1 



4.9 
.88 
2:1 
6:1 


4.9 
.66 
2:1 
2:1 


4.66 
7.00 
4.67:1 


11.26 
6.00 
6'J, 


c 


8 


t' 








H 
1.0 


1.187 


1.048 


1.066 


1.089 


1.009 


1.096 


1.071 


1.042 


1.060 


1.5 


1.181 


1.068 


1.066 


1.089 


1.009 


1.071 


1.066 


1.088 


1.069 


2.0 


1.120 


1.080 


1.061 


1.038 


1.006 


1.044 


1.068 


1.024 


1.054 


2.5 


1.106 


1.066 


1.062 


1.026 


.997 


1.024 


1.047 


1.012 


1.012 


3.0 


1.094 


1.068 


1.047 


1.020 


.991 


1.009 


1.047 


.995 


.985 


8.5 


1.066 


1.067 


1.048 


1.017 


QSA 


1.006 


1.060 


.988 


.979 


4.0 


1.072 


1.084 


1.088 


1.012 


(MA 


1.014 


1.052 


.977 


.976 


4.5 


1.064 


1.081 


1.086 


1.009 


.980 


1.028 


1.055 


.974 


.973 


5.0 
















.97 
.97 
.97 
.96 
.96 
.96 


.97 
.96 
.96 
.96 
.95 
.96 


6.0 
















.7.0 
















8.0 
















9.0 
















10.0 






















1 
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f-C'^ 








<J--. 



'<:4^ 





ayi^ 




—Types of Weirs referred to in Tables V. VI. and VII. 
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TaJble VII . — Multipliers to be used in oonnectum with Table IV to obtain the discharge 
over broad-crested weirs of compound cross-section of types dto m indusivCf fig. J9. 

[p=Height of wdr, in feet; £r=ob0erved head, in feet.) 



p 


4.57 


4.56 


4.58 


5.28 


11.25 


11.25 


11J25 


11.25 


11.25 


11.26 


Type, fig. 38 


d 


e 


/ 


ff 


h 


{ 


J 


k 


/ 


m 


B 
0.5 










0.941 

1.089 

1.087 

1.109 

1.118 

1.12Q 

1.127 

1.123 

1.11 

1.11 

1.10 

1.10 

1.09 

1.09 


0.924 

1.033 

1.093 

1.133 

1.153 

1.163 

1.169 

1.165 

1.16 

1.15 

1.14 

1.14 

1.14 

1.18 


0.933 

QAA 

1.018 

1.033 

1.045 

1.054 

1.060 

1.060 

1.05 

1.04 

1.04 

1.04 

1.03 

1.03 


0.962 

1.045 

1.066 

1.063 

1.020 

.997 

.994 

.991 

.98 

.98 

.97 

.97 

.97 

.97 


0.971 
1.033 
1.042 
1.035 
1.083 
1.045 
1.054 
1.057 
1.06 
1.04 
.1.04 
1.03 
1.03 
1.03 


0.947 

1.000 

1.086 

1.063 

1.065 

1.096 

1.108 

1.110 

1.10 

1.10 

1.09 

1.09 

1.08 

1.06 


1.0 


0.842 
.866 
.888 
.906 
.927 
.945 
.965 

1.00 


0.836 
.834 
.831 
.826 
.822 
.817 
.812 
.80 


0.929 
.950 
.953 
.947 
.942 
.986 
.931 
.92 


0.976 
.979 
.988 
1.000 
1.016 
1.032 
1.044 
1.05 


1.5.... 


2.0 


2.5 


8.0 


3.5 


• 4.0 

5.0 


6.0 


7.0 


m 








1 
8.0 ' 


1 


9.0 






1 


10.0 






1 

1 








1 " 



Table VIII. — Three-halves powers for numbers from to 12. 



% 



0.00 
.01 
.02 
.08 
.04 
.05 
.06 
.07 
.06 
.09 

0.10 
.11 
.12 
.13 
.14 
.15 
.16 
.17 
.18 
.19 



0.0000 
.0010 
.0028 
.0052 
.0080 
.0112 
.0147 
.0185 
.0226 
.0270 

0.0316 
.0365 
.0416 
.0469 
.0524 
,0581 
.0640 
.0701 
.0764 
.0828 



8 



2.8284 
2.8497 
2.8710 
2.8923 



1.0000 

1.0150 

1.0802 

1.0453 

1.06062.9137 

1.07592.9352 

1.09132.9567 

1.10682.9782 



1.1224 



2.9998 



1.13803.0215 



1.1537 
1.1695 
1.1853 
1.2012 
1.2172 
1.2332 
1.2494 
1.2666 
1.2818 
1.2981 



3.0432 
3.0650 
3.0868 
3.1086 
3,1306 
3.1526 
3.1746 
3.1966 
3.2187 
8.2409 



5.1962 
5.2222 
5.2482 
5.2743 
5.3004 
5.3266 
5.8528 
5.3791 
5.4054 
5.4317 

5.4581 
5.4846 
5.6110 
5.5375 
5.5641 
5.6907 
6.6173 
5.6440 
6.6708 
6.6975 



6 



8.0000 
8.0300 
8.0601 
8.0902 
8.1203 
8.1505 
8.1807 
8.2109 
8.2412 
8.2715 

8.3019 
8.3323 
8.3627 
8.3932 
8.4237 
8.4542 
8.4848 
8.6154 
8.5460 



11.1803 
11.2139 
11.2475 
11.2811 
11.3148 
11.3485 
11.3822 
11.4160 
11.4497 
11.4836 

11. 5174 
11.6513 
11.6852 
11.6192 
11.6532 
11.6872 
11.7213 
11.7654 
11.7895 



6 



8.576711.8236 



14.6969 
14.7337 
14.7705 
14.8073 
14.8442 
14.8810 
14.9179 
14.9549 
14.9919 
15.0289 

16.0669 
15.1030 
15.1400 
16. 1772 
16.2143 
16.2515 
16.2887 
15.3260 
15.3632 
15.4005 



18.5203 
18.6600 
18.6997 
18.6394 
18.6792 
18.7190 
ia7689 
18.7988 
18.8387 
18.8786 

18.9185 
1&9585 
18.9986 
19.0386 
19.0786 
19. 1187 
19.1589 
19.1990 



8 



19.2794 



22.6274 
22.6699 
22.7123 
22.7648 
22.7973 
22.8399 
22.8825 
22.9251 
22.9677 
23.0103 



10 



27.000a31.6228 
27.045081.6702 
27.089031.7177 
27. 1361 3L 7652 



23.0957 
23.1384 
23.1812 
23.2240 
23.2668 
23.8096 
23.8626 



27.1802 
27.2253 
27.2705 
27.8156 
27.3608 
27.4060 



23.053027.4612 



27.4965 



27.641832.1937 



19.239223.3954 



23.4383 



27.5871 
27.6324 
27.6778 
27.7232 
27.7686 
27.8140 
27.8505 



31.8127 
31.8602 
31.9078 
31.9554 
32.0030 
32.0606 

32.0983 
32.1460 



32.2414 
32.2892 
32.3370 
32.3848 
32.4326 
32.4804 
82.5283 



21 



36.4829 
36.6326 
86.5824 
86.6322 
36.6820 
36.7319 
86. 7818 
86.8317 
36.8816 
36.9315 

36.9815 
37.0315 
37.0815 
37. 1315 
37. 1816 
37. 2317 
37.2817 
37.3319 
37.8820 
87.4322 
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Table T7//.— Continued. 



0.20 
.21 
.22 
.23 
.24 
.25 
.26 
.27 
.28 
.29 

0.80 
.31 
.82 
.83 
.84 
.35 
;36 
.87 
.88 
.89 

0.40 
.41 
.42 
.48 
.44 
.45 
.46 
.47 
.48 
.49 

0.60 
.51 
.52 
.58 
.54 
.55 
.66 
.57 
.58 
.59 

0.60 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 
.69 




0. 



0.0894 
.0962 
.1082 
.1108 
.1176 
.1250 
.1326 
.1408 
.1482 
.1562 

0.1648 
.1726 
.1810 
.1896 
.1963 



.2071 

.2160 

.225ljl 

.23421. 

.24361. 



2530 
2625 
2722 



8145 
3310 
3475 
8641 
8808 
3975 
4144 
4312 
4482 
4652 

4822 
4994 
5166 
5388 
5512 
5686 
5860 
6035 
6211 
6888 



3.2681 
3.2854 
3.30n 
3.3301 
3.3525 
3.8760 
3.3975 
3.4201 
3.4427 
3.4654 

8.4881 
3.5109 



3.53376.0493 



1.6565 
1.6748 
1.6921 
282J1.7IOO 
29191.7280 
80191.7460 



8120 

3222 

8825 

,8480 

0.8586 
.8642 
.8760 
.3858 



1. 

1. 

1. 

I 

.3968,1. 



1.7641 
1.7823 
1.8005 
1.8188 



.4079 
.4191 
.4303 
.4417 
.4582 

0.4648 
.4764 
.4882 
.5000 
.5120 
.5240 
.5862 
.5484 
.5607 
.5782 



8925 
9111 
9297 

9672 
9660 
0049 



2.0238 
2.0429 
2.0619 
2.0810 
2.1002 
2.1195 
2.1388 
2.1581 
2.1775 
2.1970 



3.5566 
3.5795 
3.6025 
3.6255 
3.6486 
3.6717 
3.6949 



5.7248 
5.7512 
5.7781 
5.8060 
5.8320 
5.8500 
5.8861 
5.9132 
5.9403 
5.9675 

5.9947 
6.0220 



6.0767 
6.1041' 
6.1315 
6.1590 
6.1865 
6.2141 
6.2417 



3.71816, 

3.7418 

8.7646 

3.7880 

3.8114 

8.8349 

3.8684 

8.8819 

8.9055 

8.9292 



.2693 
6.2970 
6.3247 
6.8525 
6.8803 
6.4061 
6.4360 
6.4689 
6.4919 
6.5199 



887118.95296.5479 
6.5700 



85658.9766 
87404.0004 



4.0242 
4.0481 
4.0720 
4.0960 
4.1200 
4.1441 
4.1682 

4.1924 
4.2166 
4.2408 
4.2651 
4.2895 
4. 3139 
4.3383 
4.3628 



6.6041 
6.6323 
6.6605 
6.6887 
6.7170 
6.7453 
6.7787 
6.8021 

6.8305 
6.8590 
6.8875 
6.9161 
6.9447 
6.9733 
7.0020 
7.0307 



4.8874 7.0595 
4.411917.0683 



8.6074 

8.6882 

8.6690 

8.6998 

8.7307 

8.7616|12. 

8.792512. 

8.823512. 



U. 
11. 
11. 
11. 
11. 



8.8545 
8.8856 

8.9167 
8.9478 
8.9790 
9.0102 
9.0414 
9.0726 
9.1040 
9.1853 
9.1667 
9.1961 

9.2295 
9.2610 
9.2925 
9.8241 
9.8657 
9.8878 
9.4189 
9.4606 
9.4824 
9.5141 

9.5459 
9.5778 
9.6097 
9.6416 
9.6735 
9.7055 
9.7375 
9.7695 
9.8016 
9.8337 

9.8659 

9.8981 

9.9303 

9.9626 

9.9949 

10.0272 

10.0596 

10.0920 

10. 1244 

10. 1569' 



12. 
12. 

12. 
12. 
12, 
12. 
12. 
12. 
12. 
12. 
12. 
12. 



2015 
2361 
2706 
3053 
3399 
3746 
4093 
4440 
4788 
5186 



12.5485 
12.5838 
12.6182 



6 



857815.4379 

8^)20 If. 4752 

926315.5126 

960615. 

994915.5866 

029316.625019, 

068615.6616 

098116.7001 

132516.787ff 

167015.7752 



19. 
19. 
19. 
.M>X|l9. 
19. 



19. 
1». 
10. 
19. 



15. 
15. 
15. 
15. 
15. 
16. 
16. 
16. 
16. 
16. 



8129 
8505 

8682 
9260 
9687 



001519 



0393 
0772 
1160 
1629 



12.668916.8048 



12.6882 
12.7232 
12.7582 
12.7983 
12.8284 
12.8635 

12.8986 
12.9888 
12.9691 
13.0043 
13.0396 
13.0749 
13.1103 
13.1457 
13.1811 
13.2165 

13.2520 

13.2875 

13.3231 

13.3587 

13.3943 

13.4299 

13.4666 

13.5013'l7. 

13.5370'l7. 

13.672817. 



16.5718 
16.6101 
16.6484 
16.6867 
16.7260 
16.7634 
16.8018 
16.8402 
16.8787 
16.9172120 



16. 
16. 
17. 
17. 
17. 
17. 
17. 



9557 
9948 
0828 
0714 
1101 
1488 
1874 
2172 
2649 
3087 



3196 
3599 
4002 
4405 
4806 
6212 
5576 
6Q21 
6425 
6880 



23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
23. 
28. 



19. 
19. 
19. 
19. 
19. 



19. 
20. 
20. 
20. 



7235 
7641 
8046 
8452 
8858 
9265 
9672 



0486 
0894 

1802 



16.1909 
16.2288 
16. aS68 20.2118194.4825 



16.842920.2986 

16.881020. 

16.419120. 

16.457220. 

16.4954 20. 

16.588620. 



o84524 

8756 

4165 

4575 

4985 



20.5896 
20.5807 
20.6218 
20.6630 
20.7041 
20.7453 
20.7866 
20.8278 
20.8691 
.9104 



8 



4812 
5242 
6672 
6102 
6588 
6963 
7394 
7825 
8257 
8689 



27. 
27. 
27. 
28. 
28. 
28. 
28. 
28. 
28. 
28. 



23. 
28. 
28. 
24. 
24. 
24. 
24. 



9121 
9558 
9986 
0418 
0651 
1285 
1718 



26.4069 
28.4627 
26.4965 
26.5444 
28.5902 
28.6861 
007924.216228.6820 



24. 
24. 



2586 
8021 



24.8465 



20. 
20.171024.8890 



20.2627214761 



24.6196 
.5682 
24.6068 
24.66a5 
24.6941 
24.7378 



10 



9060 
9514 
9960 
0416 
0872 
1328 
1784 
2241 
2696 
3155 



28.861288.0564 



32.5762 
32.6241 
32.6720 
32.7200 
32.7680 
32.8160 
32.8640 
32.9121 
32.9600 
83.0083 



88.1046 
83.1527 
88.2009 
33.2492 
83.2974 
33.8457 
83.8940 



28.727983.4428 



28.7739 

28.8199 
26.8659 
28.9119 



29.0040 
29.0601 
29.0962 
29.1424 
29.1885 
29.2847 



83.4906 

33.5390 
33.5874 
33.6358 



26.957983.6642 



29. 
29. 
29. 



20.9518 

20.9931 

21.0345 

2L0759 

21.1174 

21.1589 

21.2004 

21.241925, 

21.2834 

21.3250 



24.781529. 

24.825829. 

24.8691 

24.9129 

24.9667 

25.0005129. 

25.044429. 

25.088829. 

25.1322 29. 

25. 1762 29. 



33.7327 
33.7811 
33.8297 
83.8782 
33.9267 
83.9768 



281034.0239 
827234.0725 
873534.1211 
419834.1698 
466134.2185 
512434.2672 
558834.8159 
605234.8647 
661634.4185 
698084.4623 



25.2202 
25.2642 
25.3082 
25.2322 
25.8963 
25.4404 
25.4845 
.5287 
25.5729 
25.6171 



29.7445 
29.7910' 
99.8875 
29.8841 
29.9806 
29.9772 
80.0288 
30.0704 
30.1171 
80.1638 



34.5U1 
34.5599 
34.6068 
34.6577 
34.7066 
34.7557 
84.8045 
318585 
34.9025 
319516 



11 



87.4824 
37.5326 
37.5828 
87.6831 
87.6838 
87.7386 
87.7840 
87.8843 
87.8847 
87.9851 

87.9665 
88.0859 
88.0664 
36.1869 
88.1874 
88.2879 
88.2684 
88.8890 
88.8896 
88.4402 

88.4908 
88.5415 
88.5922 
88.6429 
88.6936 
88.7443 
88.7951 
88.8459 
88.8967 
88.9476 

86.9964 
89.0498 
89.1002 
89.15U 
89.2020 
89.2580 
89.8040 
89.3550 
89.4060 
89.4571 

89.5082 
89.5593 
39.6104 
89.6615 
89.7127 
89.7689 
89.8151 
89.8663 
89.9176 
89.9689 
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Table F///.— Continued. 




0.70 
.71 
.72 
.73 
.74 
.75 
.76 
.77 
.78 
.79 

0.80 
.81 

.88 
.84 
.86 
.86 
.87 
.88 



0.90 
.91 
.92 
.93 
.94 
.96 
.96 
.97 
.98 
.99 

1.00 



0.5857 
.5983 
.6109 
.6237 
.6366 
.6495 
.6626 
.6757 
.6889 
.7022 



0.7155 
.7290 
.74252. 
.7562 
.7699 
.7887 
.7975 
.8115 



2. 
.82552. 



.8896 



0. 



8538 
8681 



.8969 
,9114 
.9269 
.9406 
.9553 
.9702 
.9650 



1. 



2.2165 
2.2361 
2.2558 
2.2755 
2.2952 
2.8150 
2.3349 
2.3548 
2.3748 
^3949 



2 



4.43667. 
4.46127. 
4.48597. 
4.5107 7. 
4,535517. 
4.6604 7. 
4.68537. 
4.6102]7. 
4.6352.7. 
4.6602 7. 



1171 
1460 
1749 
2038 
2328 
2618 
2909 
8200 
3492 
8783 



10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 
10. 



1894 
2214 
2545 

2871 

8197 

8524|l3 

8851 

4178 

4506 

4834 



41504.6853 7. 
43514.7104,7. 
45634.73567. 
47564.7608:7. 
4.78617. 



407610.5163 
436810.5492 



2. 



4959 
6163 
5367 
6572 
6777 
5963 



2.6190 



2.68974. 



88242.6604 



2.6812 
2.7021 
2. 

2.7440 
2.7650 
2.7861 
2.8072 
00002.8284 



4.8114 
4.8367 
4.8621 
4.8876 
4.9180 



98867.7019 
7.7816 
7.7702 
7.7909 
7.8207 
7280(5.0668 7. 8606 
7.8806 
7.9102 
7.0401 

17027.9700 
8.0000 



9641 
9897 
0154 
0411 



0926 
1184 
1443 



1962 



4661 
4955 
5248 
6542 
6837 
6132 
6427 
6728 



10.5812 
10.6160 
10.6480 
10.6810 
10. 7141 
10.7472 
10.7803 
10.8134 

10.8466 
10.8798 
10.9181 
10.9464 
10.9797 
11.0131 
11.0464 
11.0799 
11.1133 
11.1468 
11.1808 



13.6066 
13.6444 
13.6806 
18.7161 
18.7521 
.7880 
18.8240 
18.8600 
13.8961 
13.9321 



13.9682 
14.0044 
14.0406 
14.0768 
14.1130 
14.1493 
14.1866 
14.2219 
14.2582 
14.2946 

14.3311 
14.3676 
14.4040 
14.4405 
14.4770 
14.6186 
14.5502 
14.5869 
14.6235 
14.6602 
14.6969 



17.8425 
17.8814 
17.4202 
17.4591 
17.4981 
17.5370 
17.5760 
17.6150 
17.6541 
17.6931 

17.7322 
'l7.7714 
|l7.8106 
17.8507 
|l7.8889 
17.9282 
17.9674 
18.0067 
18.0461 
18.0864 



21.8666 
21.4063 
21 4499 
21.4916 
21.5333 
21.5751 
21.6169 
21.6587 
21.7005 
21.7423 



8 



21. 
21. 
21. 
21. 
21. 
21. 
22. 
22. 
22. 
22. 



7842 
8261 
8681 



1050 
14d5 
1941 
9100126.2386 
2832 



18.124822. 

18.164222. 

18.2037 

18.2482 

18.2827 

18.3222 

18.3617 

18.4018122. 

18.4409 

18.4806 

18.6206 



9620 
9940 
0861 
0781 
1202 
1628 



22. 
22. 
22. 
22. 
22. 



22. 
22. 
22. 



2467 
2889 
8811 
8783 
4166 
4679 
6008 
6426 
6860 
6274 



26.6618 
26.7066 
25.7499 
25.7942 
25.8395 
25.8828 
25.9272 
25.9716 
26.0161 
26.0606 



26. 

26.: 

26. 



26. 
26. 
26. 
26. 
26. 
26. 



8278*30. 



8726 
4171 



30. 

31. 
461831. 
606531. 



204626.6523 
6960 
6406 
6866 



26. 
26. 
26. 
26. 
26. 
26. 
26. 
26. 
26. 
27. 



7763 
8202 
8661 
9100 
9660 
0000 



9 



30. 
30. 
80. 
80. 
30. 
80. 
30. 
30. 
30. 
30. 



2572 
8040 
3507 
3975 
4444 

4912 
5381 
6850 
6819 



10 



210686.0006 
36.0497 
86.0968 
35.1479 
35.1971 
35.2462 
36.2954 
35.3446 
35.3989 
35.4431 



30.678935.4924 

30.7268'36.6417 

30. 7728*35. 6911 

30. 

30. 



819636.6404 
8669|35.6896 
918935.7392 
961036.7886 
0081.35.8380 
065835.8876 
102435.9370 



149635.9665 

196836.0360 

, 2441*36. 0666 



31. 
31. 
31. 
31.291336.18621 



.L 



730581.888686.1848 
885036.2344 



31. 

31.438236.2841 

31. 

31. 

31. 

81. 



480636.8387 
628036.8834 
676436.4331 
622886.4829 



11 



40.0202 
40.0716 
40.1228 
40.1742 
4a 2266 
40.2T70 
40.3284 
40.8798 
40.4318 
40.4828 

40.5348 
40.5869 
40.6374 
40.6890 
40.7406 
40.7922 
40.8439 
40.8966 
40.9472 
40.9969 

41.0607 
41.1024 
41.1642 
41.2000 
41.2678 
41.8097 
41.3615 
41.41S4 
41.4668 
41.5178 
41.6692 



Table IX.^-For cotwerting discharge in second-feet per aquaire mile inJto run-off in 

depth in inches over the area. 







Period in days 


» 


^ 


Seoond-feet per square mile. 


1 


»8 


89 


80 


31 


1 


Inches. 
.03719 
.07438 
.11157 
.14876 
.18595 
.22314 
.26033 
.29752 
.33471 


Inches. 
1.041 
2.083 
3.124 
4.165 
5.207 
6.248 
7.289 
8.331 
9.372 


Inches. 
1.079 
2.157 
3 "36 
4.3i4 
5.393 
6.471 
7.550 
8.628 
9.707 


Inches. 
1.116 
2.231 
3.347 
4.463 
6.579 
6.694 
7.810 
8.926 

10.041 


Inches, 
1.153 


2 


2.306 


3 


3.459 


4 


4.612 


6 


5.764 


6 


6.917 


7 


8.070 


8 


9.223 


9 


10.376 







NoTB. — For iMrtial month multiply the values for one day by the number of days. 
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RIVER DISCHARGE. 



Table X, — For converting discharge in second-feet into runroff in acre-feet. 



Seoond-feet. 



1 
2 
3 
4 
5 
6 
7 
8 
9 



Period in days. 



Aere-ft. 
1.983 



3. 
5. 

7. 



967 
950 
934 
9.917 
11.90 
13.88 
16.87 
17.85 



S8 



Aere-ft. 
55.54 
111.1 
166.6 
222.1 
277.7 
333.2 
388.8 
444.3 
499.8 



SO 



Acre-ft 
57.52 
115.0 
172.6 
230.1 
287.6 
345.1 
402.6 
460.2 
517.7 



30 



Acre-ft. 
59.50 
119.0 
178.5 
238.0 
297.5 
357.0 
416.5 
476.0 
535.5 



31 



Acre-ft. 
61.49 
123.0 
184.5 
246.0 
307.4 
368.9 
430.4 
491.9 
553.4 



NoTB.— For partial month multiply values for one day by the number of days. 

TabU XI. — For converting discharge in second-feet per day into runoff in millions 

of gallons. 



1 second -foot, or 7.4805 gallons per second for 1 day, or 86,400 seconds = 646,300 gallons. 





Units. 


Tens. 



























1 


9 


3 


4 


5 


6 


7 


8 








V 


0.65 


1.29 


1.94 


2.59 


3.23 


3.88 


4.52 


5.17 


5.82 


1 


6.46 


7.11 


7.76 


8.40 


9.05 


9.69 


10.34 


10.99 


11.63 


12.28 


2 


12.93 


13.57 


14.22 


14.87 


15.51 


16.16 


16.80 


17.45 


18.10 


18.74 


3 


19.39 


20.04 


20.68 


21.33 


21.97 


22.62 


23.27 


23.91 


24.56 


25.21 


4 


25.85 


26.50 


27.15 


27.79 


28.44 


29.08 


29.73 


30.38 


31.02 


31.67 


5 


32.32 


32.96 


33.61 


34.25 


34.90 


35.55 


36.19 


36.84 


37.49 


38.13 


6 


38.78 


39.43 


40.07 


40.72 


41.36 


42.01 


42.66 


43.30 


43.95 


44.60 


7 


45.24 


45.89 


46.53 


47.18 


47.83 


48.47 


49.12 


49.77 


50.41 


51.06 


8 


51.71 


52.35 


53.00 


53.64 


54.29 


54.94 


55.58 


56.23 


56.88 


57.52 


9 


58.17 


58.81 


59.46 


60.11 


60.75 


61.40 


62.05 


62.69 


63.34 


63.99 



Table XII. — For converting run-off in millions of gallons into discharge in second- 
feet per day. 

231 000 000 
1 million gallons per 24 hours =f72 8 X 86 400 ^^^^^ feet per second, or 1.547 second feet. 





Units. 


Tens. 








• 



















1 


2 


3 


4 


5 


6 


7 


8 










1.55 


3.09 


4.64 


6.19 


7.74 


9.28 


10.83 


12.38 


13.93 


1 


15.47 


17.02 


18.57 


20.11 


21.66 


23.21 


24.76 


26.30 


27.86 


29.40 


2 


30.94 


32.49 


34.04 


35.59 


37.13 


38.68 


40.23 


41.78 


43.32 


44,87 


3 


46.42 


47.96 


49.51 


51.06 


52.61 


54.16 


56.70 


57.26 


68.79 


60.34 


4 


61.89 


63.44 


64.98 


66.53 


68.08 


69.63 


71.17 


72.72 


74.27 


76.81 


5 


77.36 


78.91 


80.46 


82.00 


83.55 


86.10 


86.64 


88.19 


89.74 


91.29 


6 


92.83 


94.38 


95.93 


97.48 


99.02 


100.67 


102.12 


103.66 


106.21 


106.76 


7 


108.31 


109.85 


111.40 


112.95 


114.49 


116.04 


117.59 


119.14 


120.68 


122.23 


8 


123.78 


125.33 


126.87 


128.42 


129.97 


131.51 


133.06 


134.61 


136.16 


137.70 


9 


139.25 


140.80 


142.34 


143.89 


145.44 


146.99 


148.53 


160.08 


161.63 


163.18 
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Table XIII. — For converting run-off in acre-feet into ruriroff in million gallons. 
1 acre-foot=43,5e0 cubic feet=^M«|XJLZ28, or 75,2^y80 ^^ 335350 gallons. 





Units. 


Tens. 



























1 


2 


3 


4 


5 


6 


1 


8 


9 







0.326 


0.652 


0.978 


1.303 


1.629 


1.955 


2.281 


2.607 


2.933 


1 


3.258 


3.584 


3.910 


4.236 


4.562 


4.888 


5.214 


5.540 


5.865 


6.191 


2 


6.517 


5.843 


7.169 


7.495 


7.820 


8.146 


8.472 


8.798 


9.124 


9.450 


3 


9.776 


10.101 


10.427 


10.753 


11.079 


11.405 


11.731 


12.056 


12.382 


12.708 


4 


13.034 


13.360 


13.686 


14.012 


14.337 


14.663 


14.989 


16.315 


15.641 


15.967 


5 


16.293 


16.618 


16.944 


17.270 


17.596 


17.922 


18.248 


18.574 


18.899 


19.225 


6 


19.551 


19.877 


20.203 


20.529 


20.854 


21.180 


21.506 


21.832 


22.158 


22.484 


7 


22.810 


23.135 


23.461 


23.787 


24.113 


24.439 


24.765 


25.090 


25.416 


25.742 


8 


26.068 


26.394 


26.720 


27.046 


27.372 


27.697 


28.023 


28.349 


28.675 


29.001 


9 


29.327 


29.652 


29.978 


30.304 


30.630 


30.956 


31.282 


31.608 


31.933 


32 259 



Table XIV. — For converting run-off in million gallons into run-off in acre-feet. 
One million United States liquid gallons or 231 million cubic inches s 138,680,555 cubic feet, or 











^^•S5?-3.0689 


acre-feet 


















43*560 












Units. 


Tens. 



























1 


2 


3 


4 


5 


6 


7 


8 


9 







3.07 


6.14 


9:21 


12.28 


15.34 


18.41 


21.48 


24.55 


27.62 


1 


30.69 


33.76 


36.83 


39.90 


42.96 


46.03 


49.10 


52.17 


55.24 


58.31 


2 


61.38 


64.45 


67.52 


70.58 


73.65 


76.72 


79.79 


82.86 


85.93 


89.00 


3 


92.07 


95.14 


98.20 


101.27 


104.34 


107.41 


110.48 


113.55 


116.62 


119.69 


4 


122.76 


125.82 


128.89 


131.96 


135.03 


138.10 


141.17 


144.24 


147.31 


150.38 


5 


153.44 


156.51 


159.58 


162.65 


165.72 


168.79 


171.86 


174.93 


178.00 


181.06 


6 


184.13 


187.20 


190.27 


193.34 


196.41 


199.48 


202.55 


205.62 


208.68 


211.75 


7 


214.82 


217.89 


220.96 


224.03 


227.10 


230.17 


233.24 


236.30 


239.37 


242.44 


8 


245.51 


248.58 


251.65 


254.72 


257.79 


260.86 


263.92 


266.99 


270.06 


273.13 


9 


276.20 


279.27 


282.34 


285.41 


288.48 


291 54 


294.61 


297.68 


300.75 


303.82 



Table XV. — Values of c for use in the Chezy formula F= cy/Rs. 



Slope. 


R. 


n 
.020 


n 
.025 


n 
.030 


n 
.035 


n 
.040 


n 
.045 


n 
.050 


n 
.055 


n 
.060 




r3.28 


91 


73 


60 


52 


46 


40 


36 


33 


30 




1 10 


111 


92 


78 


69 


62 


55 


50 


46 


42 


.0001 


< 20 


122 


102 


89 


79 


71 


65 


60 


55 


51 




50 


134 


114 


100 


91 ^ 


83 


76 


71 


67 


63 




L 100 


140 


121 


108 


98 


91 


84 


79 


74 


70 




r 10 
I 20 

^ 60 
I 100 


108 


89 


76 


67 


60 


53 


49 


45 


41 


.0002 


117 


98 


85 


76 


68 


61 


57 


53 


49 


126 


108 


94 


85 


78 


71 


66 


62 


58 




131 


113 


99 


90 


83 


77 


72 


68 


64 




f 10 


107 


88 


75 


66 


59 


53 


48 


44 


41 


.0004 


J 20 


115 


96 


83 


73 


66 


60 


55 


51 


48 


1 50 


123 


104 


91 


82 


75 


68 


63 


59 


56 




L 100 


127 


108 


96 


87 


80 


73 


68 


64 


61 






r 10 


105 


87 


74 


65 


58 


52 


47 


44 


40 


.0010 




20 


113 


94 


81 


72 


65 


59 


54 


50 


47 




50 


120 


101 


89 


79 


72 


66 


61 


57 


54 






L 100 


124 


105 


94 


85 


77 


71 


66 


62 


59 




r 10 


105 


86 


74 


65 


58 


51 


47 


43 


40 


.010 


j 20 


112 


93 


80 


71 


64 


58 


53 


49 


46 


1 50 


119 


100 


87 


78 


71 


65 


60 


56 


53 






L 100 


122 


104 


01 


82 

1 


75 


69 


65 


61 


58 



NoTK. — For R = 3.28 feet, n constant, e is constant for all values of slope. For slopes 
greater than 0.01. or fall of 52.8 feet per mile, c remains nearly constant. 



I 



204 



RIVER DISCHARGE. 



TaifU XVL—Sqmare rooU of numben (|/fi y m) for 

PI. VII. 



Kjdia'9 formtda. See 



0.03 
0.10 
0.15 

o.ao 



^B 



0. 
0. 
0. 
0. 
0. 
0. 











1 



25 

ao 

35 
40 
45 
.50 

55 

(to 

.65 

.70 
.75 
.80 
.85 
.00 
.05 
OC 



.0.224 

1 0.316 
i 0.387 
447 
500 
548 
592 
632 
671 
707 



0. 
0. 
0. 
0. 
0. 
0. 




.742 

775 

.806 

837 

886 







0. 





0.1 

0.022 

0.940 

0.075 

1.000 



3.05 
3.10 
3.15 
3.20 
3.25 
3.30 
3.35 
3.40 
3.45 
3.50 



1.05 
1.10 



1 

1. 

1. 

1. 

1. 

1 

1 

1. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



15 
20 
25 
.30 
35 
40 
.45 
.50 

.55 

.60 
.65 
.70 
.76 
.80 
.85 
.90 
.95 
.00 

.05 
.10 
.16 
.20 
.25 
.30 
.35 
.40 
.46 
.60 



.025 
049 
072 
.095 
.118 
.140 
.162 
.188 
.204 
.225 

.245 

.265 
.285 
.304 
.323 
1.342 
1.360 
1.378 
1.396 



3 
3 
3 
3 
3 
3 
3 
3 
3 
4 

4 
4 
4 
4 

4 
4 
4 
4 
4 
4 



55 
60 
65 
70 
75 
80 
85 
90 
95 
00 

05 
10 
15 
20 
25 
30 
35 
40 
45 
50 



4.55 
4.60 
4.65 
4.70 
4.75 
4.80 
4.85 
4.90 
4.95 



^B 



♦•5 1 



V5 



.746 
.761 
.775 
.789 
.803 
.817 
.830 
.844 
.857 



1.871 

1.884 
1.897 
1.910 
1.924 
936 
949 
962 
975 
987 
000 



2.012 
2.025 
2.037 
2.049 
2.062 
2.074 
2.066 
2.096 
2.110 
2.121 



6.05 

6.10 

6.15 

6.20 

6.25 

6.30 

6.35 t 

6.40 

6.45 : 

6.50 

6.55 : 

6.60 

6.65 

6.70 

6.75 

6.80 , 

6.85 

6.90 ! 

6.95 



7.00 



2 
2 

2 
2 
2 
2 
2 
2 
2 



133 
145 
156 
168 
179 
191 
202 
214 
225 



i 

7 
7 
7 
7 
7 



t 



05 
10 
.15! 
20 
25 . 
30 I 
35 
40 
45 
50 

55 

60 



2.56 
2.60 
2.65 
2.70 
2.75 
2.80 
2.86 
2.90 
2.96 
3.00 



414 


o.uu 


432 


6.05 1 


449 


5.10 ■ 


466 


5.15 ! 


483 


5.20 1 


600 


5.25 I 


617 


5.30 


fiXi 


6.36 


649 


6.40 


666 


6.46 


681 


6.60 


597 


6.65 


612 


6.60 


628 


6.66 


643 


6.70 


668 


5.76 


673 


6.80 


688 


6.86 


703 


6.90 


718 


5.95 


732 


6.00 



2.236 



2.247 
2.258 
269 
280 
291 
302 
313 
324 
336 
345 



2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 



2.366 
2.366 
2.377 
2.387 
2.398 
2.408 
2.419 
2.429 
2.439 
2.449 



( 7.65 
; 7.70 
\ 7.75 
I 7.80 
I" 7.85 
7.90 
7.95 
8.00 

I' 8.06 
8.10 
8.16 
8.20 
8.26 
8.30 
8.36 
8.40 
8.46 
8.60 

8.66 
8.60 
i 8.65 
8.70 
8.76 
8.80 
8.86 
8.90 
8.96 
9.00 



2.460 
2.470 
2.480 
2.400 ' 
2.500 i 
2.510 I 
2.520 t 
2.530 
2.540 • 
2.550 ' 



559 { 
569 ■ 
579 
588 

2.508 
2.606 f 
2.617 
2.627 j 
2.636 
2.646 t 



2:655 
2.665 
2.674 
683 
698 
702 
711 
720 
729 



2.739 

2.748 
2.757 
2.766 
2.775 

2.784 
2.793 
2.802 
2.811 
2.820 
2.828 

2.837 
2.846 
2.856 
2.864 
2.872 
2.881 
2.890 
2.896 
2.907 
2.916 

2.924 
2.933 
2.941 
2.960 
2.968 
2.966 
2.976 
2.983 
2.992 
3.000 



9.05 
9.10 
9.15 
9.20 
9.25 
9.30 
9.36 
9.40 
9.45 
9.50 

9.55 
9.60 
9.65 
9.70 
9.75 
9.80 
9.85 
9.90 
9.95 
10.00 

10.25 
10.50 
10.75 
11.00 
11.25 
11.50 
11.75 
12.00 
12.25 
12.60 

12.75 
13.00 
13.25 
13.50 
13.75 
14.90 
14.25 
14.50 
14.75 
16.00 

16.25 
16.50 
16.76 
16.00 
16.25 
16.50 
16.75 
17.00 
17.26 
17.60 

17.75 
18.00 
18.25 
18.60 
18.76 
19.00 
19.26 
19.60 
19.76 
20.00 



3.008 
3.017 
3.025 
3.033 
3.041 
3.050 
3.058 
3.066 
3.074 
3.062 



¥E 



20 
20 
20 
21 
I 21 
: 21 
I 21 
. 22 
• 22 
! 22 



3. 
3. 
3. 
3 



3.000 
3.098 
.106 
114 
122 
130 
3.138 
3.146 
3.154 
3.162 

3.202 
3.240 
3.279 
3.317 
3.354 
3.391 
3.428 
3.464 
3.500 
3.536 

3.671 
3.606 
3.640 
3.674 
3.708 
742 
775 
806 
841 
873 



3. 

3. 

3 

3 

3 



22 
23 
23 
23 
23 
24 
24 
24 
24 
25 



25 ' 4. 

so; 4. 

.75 i 4. 

00 4. 

25 4. 

50 4. 

75 4. 

.00 4. 

25 4. 

.50 4. 

.75 4 

.00 4 
.25 : 4 
.50 ; 4 
.75 , 4 
.00 i 4 
.25 l4 
.50 '4 
.75 4 
.00 5 



500 
528 
555 
583 

610 
637 
664 
690 
717 
743 



822 
873 



3.006 
3.937 
3.900 
4.000 
4.031 
4.062 
4.093 
4.123 
4.163 
4.183 

4.213 
4.243 
4.272 
4.301 
4.330 
4.369 
4.387 
4.416 
4.444 
4.472 



25.25 
25.50 
25.76 
26.00 
26.25 
26.50 
26.75 
27.00 
27.25 
27.50 

27.75 
28.00 
28.25 
28.60 
28.75 
29.00 
29.26 
29.50 
29.75 
30.00 

30.25 
30.50 
30.76 
31.00 
31.25 
31.50 
31.76 
32.00 
32.26 
32.60 

32.76 
33.00 
33.26 
33.60 
33.76 
34.00 
34.26 
34.60 
34.76 
35.00 



924 
950 
975 
000 

025 
050 
074 



123 
148 
172 
196 
5.220 
5.244 



5 

6.292 

5.316 

6.339 

5.362 

6.385 

5.406 

6.431 

6.454 

6.477 



500 
523 
545 
568 
590 
612 
636 
6.657 
6.679 
6.701 



5. 
5. 
5. 

6. 
6. 
5. 
6. 



6.723 

6.745 

6.766 

6.788 

6.809 . 

6.831 I 

6.862 " 

6.874 

6.896 

6.916 



00002 

000025 

0000275 

00003 
000035 



00004 

000046 

00005 

00006 

00007 

00008 
00009 

0001 

00012 

00014 

00016 

00018 

0002 

00025 

0003 

00035 
0004 
0005 
0006 

0007 
0008 
0009 

001 

0012 

0014 

0016 

0018 

002 

003 

004 

005 



0O447 
.005 
00624 
00548 



00632 
00671 
00707 
00775 
00837 

00894 

00940 

01 

0110 

0118 

0126 

0134 

0141 

0158 

0173 

0187 

02 

0224 

0245 

0265 

0283 

03 

0316 

0346 

0374 

04 

0424 

0447 

0548 

0632 

0707 
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Table XVll.'—Convenierd eqinvcdents, 

1 seoond-foot equals 40 California miner's inches. (Law of March 23, 1901.) 
1 second-foot equals 38.4 Colorado miner's inches. 
1 second-foot equals 40 Arizona miner's inches. 

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons 
per minute; equals 646,272 gallons for one day. 

1 second-foot equals 6.23 British imperial gallons per second. 

1 second-foot for one year covers one square mile 1.131 feet deep; 13.57 inches deep. 

1 second-foot for one year equals 31,536,000 cubic feet. 

1 second-foot equals about 1 acre-inch per hour. 

1 second-foot falling 10 feet equals 1.136 horsepower. 

100 California miner's inches equal 15.7 United States gallons per second. 

100 California miner's inches equal 96.0 Colorado miner's inches. 

100 Califomia miner's inches for one day equal 4 .96 acre-feet. 

100 Colorado miner's inches equal 2.60 second-feet. 

100 Colorado miner's inches equal 19.5 United States gallons per second. 

100 Colorado miner's inches equal 104 Califomia miner's inches. 

100 Colorado miner's inches for one day equal 5.17 acre-feet. 

100 United States gallons per minute equal 0.223 second-foot. 

100 United States gallons per minute for one day equal 0.442 acre-foot. 

1,000,000 United States gallons per day equal 1.55 second-feet. 

1,000,000 United States gallons equal 3.07 acre-feet. 

1,000,000 cubic feet equal 22.95 acre-feet. 

1 acre-foot equals 325,850 gallons. 

1 inch deep on 1 square mile equals 2,323,200 cubic feet. 

1 inch deep on 1 square mile equals 0.0737 second-foot per year. 

1 inch equals 2.54 centimeters. 

1 foot equals 0.3048 meter. 

1 yard equals .9144 meter. 

1 mile equals 1.60935 kilometers. 

1 mile equals 1,760 yards; equals 5,280 feet; equals 63,360 Inches. 

1 square yard equals 0.836 square meter. 

1 acre equals 0.4047 hectare 

1 acre equals 43,560 square feet; equals 4,840 square yards. 

1 acre equals 209 feet square, nearly. 

1 square mile equals 259 hectares. 

1 square mile equals 2.59 square kilometers. 

1 cubic foot equals 0.0283 cubic meter. 

1 cubic foot equals 7.48 gallons; equals 0.804 bushel. 

1 cubic foot of water weighs 62.5 pounds. 

1 cubic yard equals 0.7646 cubic meter. 

1 gallon equals 3.7854 liters. 

1 gallon equals 8.36 pounds of water. 

1 gallon equals 231 cubic inches (liquid measure). 

1 pound equals 0.4536 kilogram. 

1 avoirdupois pound equals 7,000 grains. 

1 troy pound equals 5,760 grams. 
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1 meter equals 39.37 inches. Log. 1.5951654. 
1 meter equals 3.280833 feet. Log. 0.5159842. 
1 meter equab 1.093611 yards. Log. 0.0388629. 
1 kilometer equals 3,281 feet; equals five-eighths mile, nearly. 
1 square meter equals 10.764 square feet; equals 1.196 square yards. 
1 hectare equals 2.471 acres. 

1 cubic meter equals 35.314 cubic feet; equals 1.308 cubic yards. 
1 liter equals 1.0567 quarts. 
1 gram equals 15.43 grains. 
1 kilogram equals 2.2046 pounds. 
1 tonneau equals 2,204.6 pounds. 
1 foot per second equals 1.097 kilometers per hour. 
1 foot per second equals 0.68 mile per hour. 
1 cubic meter per minute equab 0.5886 second-foot. 

1 atmosphere equals 15 poimds per square inch; equals 1 ton per square foot; 
equals 1 kilogram per square centimeter. 

Acceleration of gravity equals 32.16 feet per second every second. 

1 horsepower equals 550 foot-pounds per second. 

1 horsepower equals 76.04 kilogram -meters per second. 

1 horsepower equals 746 watts. 

1 horsepower equals 1 second-foot falling 8.80 feet. 

IJ horsepowers equal about 1 kilowatt. 

To calculate water power quickly: Sec.-ft. X faU m feet ^ ^^^ horsepower on 

water wheel, realizing 80 per cent of the theoretical power. 
To change miles to inches on map: 

Scale 1:125000, 1 mile= 0.50688 inch. 
Scale 1 :90000, 1 mile= 0.70400 inch. 
Scale 1:62500, 1 mile= 1.01376 inches, 
gcale 1:45000, 1 mile= 1.40800 inches. 
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Anchorage for cables, forms of 39 

Area curves, construction of 92-95 
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Areas of quadrilaterals, table sriving . . . 143-144 
Army Engineers, reports of, relating to 

flow of rivers 137 

Artificial channels, measurements of flow 

in 76 

Automatic gages. iS^e Recording gages. 



Backwater curves for ice-covered streams. 

construction and form of . . . 116, 117 

Bazin formula, use of, in computing dis- 
charge over weirs ... 88, 89, 194-196 

Bench marks, establishment and use of . 28-29, 36 

Boats, use of, in making discharge meas- 
urements 40 

Bolster method of computing flow of 

streams with changeable beds 110-112 

Bridge, gaging station at, view of 22 

Bridges, use of, for discharge measurements 37 



Cables, diameter and sag of, table showing 38 

erection of 37-40 

Gable tower, view of 34 

Car, description of 39-40 

hangers for, diagram showing details 

of 40 

views of 34, 36 

Census Bureau, reports relating to water 

powers issued by 136 

Chain gage. See Weight gage. 

Chezy formula, use of. for determining 

mean velocity 1, 77 

values of c in 203 

Cippoletti weir, construction of 84 

formulas applicable to 88 

table for determining flow over .... 190-191 

view of 83 

Climate, effect of, on stream flow 155 

Computation of current-meter measure- 
ments, methods of making . . 64-68 

Controls, essential features of .... 41-43. 45-46 

viewaof 42 



Page 
Conversion tables for units of runoff and 

discharge 201-203 

Cross section, determination of area of . . 50-51 

typical, figure showing 65 

Cross-section paper, common, use of, in 

preparing rating curves .... 98-104 

logarithmic, use of 103-104,145-153 

Current meters, care of 16-20 

description of 6, 8-22 

rating of 20-22 

types of, views showing 6, 10 

use of, in making discharge measure- 
ments 61-76 

Current-meter circuits, methods of testing 19 

Current-meter rating curves, small Price 

meter 21 

typical forms of 23 

Current-meter rating station, view of . . . 22 
Current-meter stations, requisite condi- 
tions for 44 

Curves. See Area curves ; Duration curves ; 
Hydrographs, common and 
summation ; Mean Velocity 
curves: Rating curves. 

Dams. See Weirs. 

Datum of gages, maintenance of ' 28-29 

Discharge, daily, computation of 91-121 

daily, conditions affecting accuracy of 

records of 123-125 

conversion tables for 202 

factors of 3 

low-water, times and causes of ... . 180 
maximum. See Floods. 

unitsof 121 

units of. conversion tables for .... 201-203 
Discharge curves, construction of .... 91-92 

98-104, 109-111 

figures showing 96, 97, 99, 102 

See also Rating curves. 
Discharge measurements, methods of mak- 
ing 49-80 

structures necessary for 36-41 

use of, in constructing rating curves . 100-101 
Drainage areas, measurement of, from 

maps • • 141-145 

Drainage, effect of, on stream fiow .... 176 
Duration curves, preparation and use of . 126^128 

Ellet. Charles, reference to work of ... . 2 

Ellis, T. G.. reference to work of 2, 7, 53 

Errors in records, causes and effects of . . 80-81 

123-125 
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Page 
Estimates of stieftm flow, methods of mak- 

lii« 194-196 

E¥»poiation. effect of. on stream flow . . 15^165 

measoranents of 164 

seasonal variations in 168 

Eyaporation station. Madison. Wis., view 

of 166 

Float gace. description of 28 

Float, snbsurface. fiffore showing 6 

Floats, nse of. in stream measurements . 5-6^ 76-77 
Flood discharge of typical streams .... 179 

Floods, causes and prevention of 177-179 

discbaise measorements of 6MI9 

Formolas, nse of. in compntins discharse 

measurements 64 

use of, in determining discharge over 

weirs 86-89 

Francis formula for discharge over rec- 
tangular weirs 2, 87-88 

Friez gage, view of 80 

Fteley current meter, view of 6 

Fuller. £. S., discharge integrator in- 
vented by 104 

Gage heights, absolute errors for 105 

frequency and refinement of . 104-106, 124-125 

limits of use of 107 

Gages, datum of, maintenance of 2^29 

description of 23-28. 31-34 

installation of 28.35-86 

views of 26.27,30 

Gaging stations, instruments and equip- 
ment for 5-43 

sites for. selection of 44-47 

typical, views of 22,36 

Gallons per minute, use of, as a unit of 

discharge 121 

Geography, effect of, on stream flow ... 174 

C^eology, effect of, on stream flow 173-174 

Government publications, methods of ob- 
taining 137 

Graphical analysis of stream-flow records, 

discussion of 125-134 

Graphic method of computing flow of ice- 
covered streams, description of 116^120 

Gurley gage, operation of 31 

view of 30 

Hangers for cable car, details of. figure 

showing 40 

Haskell current meter, view of 6 

Henry. A. J., cited on climatology of the 

United States 155 

Henry, D. F., electrical recorder for cur- 
rent meter invented by ... . 7 
High water, discharge measurements at . 68-69 

Hook gages, description of 25-26 

view of 26 



Hoyt. W. G.. graphic method of comput- 
ing discharge of ice-covered 

streams devised by 

Humidity, effect of. on stream flow . . . . 
Humphreys and Abbot, reference to work 

of 

Hydrographs. common, preparation of . . 

common, typical forms of 

summation, illustration of 

preparation and use of 

Hydrology, relation of. to stream flow . . 
scope of 



Pagx 



116 
168-170 



2.7.58 
126 

127.181 
132 

128-134 

154-155 
2-8 



Ice-covered streams, flow of, measure- 
ment of 69-76 

flow of, methods of computing .... 113-120 
proposed computation sheets for ... 118 
Illustrations, use of. in engineering reports 140-141 
Indicating device. Price current meter, de- 
scription of 12-13 

Integration method of measuring velocity 61 

Integrator, use of, in determining mean 

discharge 104 

Irrigation, effect of. on stream flow . . . 174, 176 



Kuichling. Emil. cited on flood flows . . . 
Kutter formula, diagram for 

square roots of numbers for use in . . 

use of, in constructing rating curves . 
in determining velocity 

values of n in 



179 

80 

204 

102 

77-78 

79-80 

173 



Lakes, effect of. on stream flow 

Logarithmic cross-section paper, methods 

of ruling 149-152 

use of, in preparing rating curves . . 103-104 
Logarithmic plotting, diagrams illustrat- 
ing 145.146,149.150.151.162 

methods and uses of 145-158 



Mass curves, preparation and use of . . . 128-134 

Matthes, G. H.. cited on uses of summation 

hydrographs 180 

Mean velocity curves, construction of . . 95-98 

typical forms of 96. 97, 99 

use of. in constructing rating curves . 95-98 

Measuring points, marking of 41 

Meters. See Current meters. 

Meyer, Adolf F., cited on method of com- 
puting run-off from rainfall 
and other physical data . . . 135 

Miner's inch, definition and use of ... . 121 

Murphy. E. Ceoeflflcients obtained by, 
for computing discharge over 
broad-crested weirs 89, 194 



Newell, F. H., cited on basis for estimates 
of stream flow 
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Paoe 
Ohio River at Wheeling. W. Va.. discharge 

measurements of 101 

Planimeter, use of, in measuring drainage 

areas 141-142 

Potomac River at Point of Rocks, Md., dis- 
charge and horsepower table 

for 126 

discharge, area, and mean velocity 

curves for 97 

flow of. tables illustrating methods of 

determining 107-109 

hydrograph and duration curve for . 127 
Powell, J. W.. quoted on necessity for 
measuring streams at critical 

seasons 2 

Power development, effect of, on stream 

flow 176 

Precipitation, effect of, on stream flow . . 165-159 
mean annual, in the United States, map 

showing 156 

I^ecipitation station, Madison, Wis., view 

of 166 

Price current meter, description of ... . 9-16 

modiflcation of ^ 

rating curve for 21 

views of 6, 10 

Publications relating to water resources, 

agencies issuing 136r-137 

Quadrilaterals of the earth's surface, table 

giving areas of 143-144 

Rainfall, mean annual, in the United 

States, map showing 156 

records of, in drainage basins of north- 
eastern United States 160-163 

relation between run-off and . 155-158, 160-163 
Rainfall station, Madison, Wis., view of . 166 
Rainy River at International Falls, Minn., 
gage-height, backwater, tem- 
perature, and precipitation 

curves for 117 

Rating of current meters, description of . 20-22 

curves for 21. 23 

Rating curves, construction and use of . 91-92 

98-104, 109-110. Ill 
forms of, illustrating Stout and Bolster 
methods of computing stream 

flow Ill 

probable error of 124 

typical, flgures showing 96. 97, 99 

Rating tables, application of. to gage 

heights 104-109 

preparation of 104 

Recording gages, description of 30-34 

installation of 35-36 

typical record sheets from 32, 34 

views of 30 



Page 

Reports, preparation and presentation of . 138-141 

Roughness, coefficient of, value of ... . 79, 80 

Run-off. effect of climatic conditions on . 155-170 

mean annual, in the United States, 

map showing 158 

records of. in drainage basins of north- 
eastern United States 160-163 

relation between rainfall and 155-158 

units of 121 

conversion tables for 201-208 



Schoder, Ernest W., and Turner. Kenneth 
B.. cited on logarithmic plot- 
ting 146 

Second-feet, conversion tables for ... . 201, 202 

Second-foot, deflnition of 3 

equivalents of 206 

use of 121 

Shelter for recording gage, view of ... . 34 
Sites for gaging stations, requisite condi- 
tions for 44-47 

Six-tenths depth method of measuring ve- 
locity 59-60 

Slope method of measuring discharge, use 

of 77-80 

Slopes, effect of. on stream flow ..... 172 

Snowfall, measurements of 156-157 

Snow observation station, White Moun- 
tains, N. H., view of 1C6 

Sounding appliances, Price current meters, 

description of 22-23 

Soundings, methods of making 50-51 

Staff gages, description of 24-25 

Stage, errors in observation of, causes of . 80-81 
Stay lines, use of. in making discharge 

measurements 41 

Stevens, J. C, cited on design of cable sta- 
tions for river measurements . 37 
cited on use of formulas in computing 

discharge measurements ... 64 

reference to work of 101 

Stevens gage, operation of 31 

view of 30 

Stilling box, description of 30 

Storage works, effect of, on stream flow . . 176 
Stout method of computing flow of streams 

with changeable beds . 109-110, 111-113 

Streams, classification of 182 

typical, fluctuations in stage of, dia- 
grams showing 183 

Summation hydrographs. See Hydro- 
graphs, summation. 
Supports for cables, construction of . . • 38-39 
Surface method of measuring velocity . . 60 
Suspension device. Price current meter, 

description of 13-14 

diagram showing arrangement of cir- 
cuit in 16 
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Page 

Tables, miscellaneous 187-206 

use of. in presenting statistical data . 140 
Temperature, effect of. on stream flow . . 165-168 
Three-halves powers of numbers, table giv- 
ing 199-201 

Topography, effect of. on stream flow . . 171-173 
Trapezoidal weirs, flow over, formulas for 

determining 88 

Trautwine. J. C. quoted on the effect of 

slope on c in the Kutter formula 102 

Tumbuckles. use of 39 

Turner. Kenneth B. See Schoder and 

Turner. 
Two-point method of measuring velocity . 60-61 

United States, mean annual rainfall and 

run-off in. maps showing . . .156. 158 
United States Army Engineers, reports of, 

relating to flow of rivers ... 137 
United States Census, reports relating to 

water powers issued by . . . 136 
United States Geological Survey, reports 

issued by 136 

United States Weather Bureau, reports 

issued by 136-137 

Vegetation, effect of. on stream flow . . . 170-171 

Velocity, determination of 55-61 

distribution of. in open channels, flgure 

showing 52 

in the vertical 54-55 

under ice 74 

formulas for determining 1 

instruments for measuring 5^23 

laws of 52-55 

Velocity-area stations, discussion of . . . 44-81 

Velocity curves, equal, diagram showing . 52 

for ice-covered streams, flgures show- , 

ing 72 



Page 
Velocity curves, mean . construction of . . 95-98 

typical forms of 96.97,99 

vertical, diagrams showing 52,53.58 

for ice-covered streams, summary _ 

of 70-71 

for open channels, summary of . . 5&-57 

summary of 56^57, 70-71 

typical 58, 58 

Vertical velocity curves. See Velocity 
curves, vertical. 

Wading, measurements made by 65, 68 

view showing measurement made by . 36 

Water-stage recorders. <See Recording gages. 
Weather Bureau, report* issued by ... . 1:16-137 

Weight gage, description of 20-28 

view of 27 

Weirs, formulas for determining flow over 86-89 
methods of computing flow over . . . 89-90 
broad-crested, discharge over, methods 

of determining 84-86.194-196 

formulas applicable to 89 

tables giving discharge over . . . 192-193 
rectangular, flow over, formulas for 

determining 86-88 

sharp-crested, tables giving discharge 

over 188-191 

use of in measuring discharge . . 82-84 
trapezoidal, flow over, formulas for 

determining 88 

typical, diagrams illustrating .... 198 

Wind, effect of, on stream flow 168r-170 

Winter flow. See Ice-covered streams. 

Zumbro River, South Branch, data and 
computations for summation 

hydrograpb of 129 

summation hydrograph for. discussion 

of 131-134 
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